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iv INTRODUCTION. 
woods; Rev. A. Rigg and A. Cabe on carpenters’ tools; Grimshaw 
Hodgeon on saws; Henry Adams on joints in woodwork; R. J. Palmer 
J. Cowan on dovetailing and dowelling; A. Yorke, E. Luckhurst, 
A. Watkins, on rustic constructions ; D. B. Adamson on veneering; T. 
Barnes on wood carving; J. Dalton on French polishing; J. Woodley 
brickwork; J. Slater on roofing; P. J. Davies on lead glazing; W. 
Qmith on metal-working machine tools ; E. Lockwood on electric bells 
telephones ; R. W. Edis on peperhangings; Field on lighting; Eldridge 
ges-fitting ; A. Walmisley on ventilation; Dr. Pridgin Teale on 
“Notes on Building Construction, Part IIL, Muterials”; Rev. J. 
Rivington on fresco painting ; W. R. Corson on stairs; and R. Gam! 
Bousfield on house construction in Canada. Mention may also 
made of T. J. Syer, 45, Wilson Strect, Finsbury, at whose worl 
‘amateurs can recsive lessons in the manipulation of tools. Lastly, 
acknowledgment is due to the following technical journals, whose i 
esting columns always repay perusal, viz. American Artizan, Ameri 
Machinist, Builder, Building News, Cabinet-maker, Deutache Indi 
Zeitung, English Mechanio, Industrial World, Iron Age, Plumber 
Decorator, Sanitary Record, Scientific American. 
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soldering brass wire, soldering brass to steel, mending cracked bell, soldering irc 
steel, soldering silver, soldering glass to metal, soldering platinam and gold, mendit 
saucepans, soldering brass, soldering pewters and compo pipes, ering sheet lead, me 
leaden pipe, gas for blowpipe work, blowpipe brazing. 36 ae ah 


Sheet-metal working: useful characters of sheet metals, Striking out the pa 
—relations of circles, cones, cylindrical tubes. Tools,—mallet, cutting tools, fiat! 
tools, folding tools, forming tools. Working the metals,—seamless goods, bending, ni 
seamed goods, pipes, cups, square bores, riveting... 6. ewe ae we 

Carpentry :— ‘Voods : acacia, ake, alder, alerce, alerse, apple, ash, assegai, beeches, bi 
blackwood, boxes, broadleaf, bunya-bunys, cedara, cedar boom, cherry, chestnut, c) 
cypress pine, dark yellow-wood, deal, deodar, dogwoods, doorn boom, ebony, 
eucalyptus, fir, greenheart, gums, hickories, hinau, hinoki, hornbeam, horoeka, ho) 
ironbark, ironwood, jacks, jaral, jarrah, kaiwhiria, kamabi, kanyin, kauri, kobe 
kohutuhutu, kohwai, larches, lignum-vite, locust-tree, mahoganies, maire, maire-taw 
mako, mango, manuka, maple, mingi-mingi, miro, monoao, mora, muskwood, 
nageswar, nanmu, naugiia, neem, neinei, oaks, pai-ch’ha, pear, persimmon, pines, 
pohutukawa, pon, poplar, pukates, puriri, prmma, pynkado, rata, rewa-rewa, rohun 
wood, sabicu, sal, satinwood, sawara, she pine, sissu, sneezewood, spruces, steppe! 
stringy-bark, sycamore, tamann, tanekaha, Tasmanian myrtle, tawa, tawhai, teak, 
toon, totara, towai, tulip, walnuts, willow, yellow-wood, yew ; British Guiana woods ; 
Natal, and Transvaal woods ; Ceylon woods; English woods; Indian woods; New Z: 
woods: Queensland woods; Straits Settlements woods; Tasmanian woods; West | 
woods; growth of wood ; felling; squaring; features ; defects; selecting; classific 
market forms; seasoning; decay; preserving; fireproofing; conversion; shri 
composition bility ; strength ; measuring ; prices. Tools: Guiding tools,— 
line, rule, straight-edge, squares, spirit level, plumb level, gauges, bevels, mits 
compasses, callipers, trammel, shooting-board, bell-centre punch, combinations; H 
tools,—pincers, vices, clamps; Rasping tools,—saws (principles, qualities, selecting, 
filing, setting, sharpening, gumming ; examples of teeth for cross-cuts, back-saws, 
tooth, buck-saws, web-saws, rip-saws, circular saws, band-saws ; jig-saws, table for j 
circular saws, home-made fret-saw); files (principles, forms, using, sharpening) ; 
tools, —chisels and gouges (principles, forms, using), spokeshaves, planes (principles, 
adjusting, using), sharpening methods (grindstones, oilstones), miscellaneous 
(circular plane, rounder, box scraper, veneer scraper, mitre-plane, combination fil 
adjustable dado); Boring tools,—awls, gimlets, augers, bits and braces, drills, mi 
neous (angular bit stock, countersink, expansion bit, boring machine); Striking t« 
hammers, mallets ; Chopping tools,—axes and hatchets (principles, using, form of h 
form of cutting edge), adzes (curvature); Accessories,—bench, bench-stops, hol: 
anwing rest, bench-vices; nails, nail-punch, nail-pullers; screws, screw-driver. C 
Tools : wooden parts, iron parts, rust preventives, rust removers. Consfruction : 
definition of carpentry and joinery, principles of joints, equal bearing, close joi 
strains, classification of joints, classification of fastenings, lengthening joints, strengtl 
joints, bearing joints, post and beam joints, strut joints, miscellaneous joints, faste 
keying, corner-piecing, mortising and tenoning, half-lap joint, dovetailing, blind dov 
mechanical aids in dovetailing, dowelling, joining thin woods, glueing, hinging. Exc 
of Constructim : workshop appliances,—tool-chest, carpenters’ bench, grindstone m 
rough furniture,—steps, ladders, cask-cradle, tables, seats (box stool, 3-legged 
chairs), washstand, bedstead, chest of drawers, dresser; garden and yard accessor 
wheelbarrow, poultry and pigeon house, hives, forcing frames, greenhouses, sur 
houses, fences, gates; house building,—floors, roofs, doors, windows =... 12 

Oabinet-making :— Woods: Amboyna, apple, sh, beech, beefwood, birch, box, can 
canary, cedar, cherry, ebony, holly, kingwood, lime, locust-wood, mahogany, mapl 
partridge-wood, pear, pine, plane, rose, sandal, satin, teak, tulip, walnut, zebra. 
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gilding ; engravers’ Lurnishers; clockmakers’ burnishers ; burnishing book edges, cutlery, 
Pewter, and silver; making crocus; emery paper, emery paper pulp, emery wheels; 
friction polish ; german silver polish ; glaze wheels for finishing steel ; polishing gold and 
silver lace; an artificial grindstone; polishing aud burnishing iron and steel; plate 
Powders; prepared chalk; putty powder; razor pastes; rottenstone or tripoli; rouges 
Wood polishing: object of the process, what it consists in, the preliminary filling in, 
odes of performing it and materials employed, smoothing the surface, rabbing in linseed- 
il, the foundation coat of polish, its importance and the precautions to be observed in 
pplying it, the bodying-in process, allowing to harden, putting on the fiaal polish, 
riginal recipe for making the finishing polish, unfavourable characters of the ingredients, 
attempts to improve by bleaching the lac, a new evil thus introduced, action of solvents 
on the lac, meteorological conditions to be observed when polishing, most favourable 
Tange of temperature, state of the weather, reasons for its influence ; general method of 
wood polishing adopted in America; the processes carried on in first-class piano factories; 
collection of recipes for furniture creams, French polishes, reviving fluids, compounds for 
darkening furniture, wood-filleis, and mixtures for black woodwork, carviugs, antique 
furniture, fancy woods, black and gold work, white and gold work, &c.; polishing woods 
~ in the lathe, modifications to suit hard and soft woods ; the Japanese lacquer shiunkei as a 
substitute for French polishing 6.4. oe oe eee ween we 4D ATZ 
‘Varnishing : nature of varnishes, points governing ther qualities, objects in view in 
using varnishes; ingredients of varnishes ; the principal resins and gums, their varnish- 
making quahfications; solvents and their suitability ; driers and the ubjections to them; 
kinds of varnish and their essential ditferences ; mixing varnishes, white oil varnishes or 
spirit and turpentine varnishes; rules regulating the application of varnishes ; recipes for 
compounding oil varnishes (copal, amber, Coburg, wainscot, &.), spirit varnishes (cheap 
oak, copal, hard spirit, French polish, hardwood Iacquer, brass lacquer, &c.), turpentine 
varnishes, Brunswick black, and varnish for ironwork =... -)«. ww 472-475 


‘Mechanical Movements: simple, compound, and perpetual motion ; pulleys, blocks 
and tackle, White’s pulleys, Spanish bartons, mangle-wheel and pinion, fusee-chain and 
spring-box, frictional clutch-box, other kinds of clutch-box, throwing in and out of gear 
the speed motion in lathes, tilt-hammer motion, ore-stamper motion, reciprocating rotary 
motion, continuous rotary motion converted into intermittent rotary motion, self-reversing 
motion, eccentrics, crank motions, cams, irregular vibrating motion, feed-motion of 
drilling machine, quick return crank motion of shaping machines, rectilinear motion of 
horizontal bar, screw Lolt and nut, uniform reciprocating rectilinear motion, rectilinear 
motion of slide, screw stamping press, screw-cutting and slide-lathe motion, spooling- 
frame motion, micrometer screw, Persian drill, rack and pinion, cam between friction 
rollers in a yoke, double rack, substitute for crank, doubling length of stroke of piston- 
rod, feed-motion of planing machines, fiddle drill, substitute for crank, bell-crank lever, 
motion used in air-pumps, Chinese windlass, shears for cutting metal plates, lazy tongs, 
toothed sectors, drum, triangular eccentric, cam and rod, cam-wheel, expansion eccentric, 
rack and frame, band-saw, toggle-joint for punching machine, silk spooling motion, crank 
and fly-wheel, yoke-bar, steam-engine governor, valve motion, bell-crank, ellipsograph, 
elbow-lever, pawl and elbow-lever, crank-pin and bell-crank, treadle and disc, centrifugal 
governor for steam-engines, water-wheel governor, knee-lever; cam, bar, and rod; spiral 
grooved drum ; disc, crank-pin, and slotted connecting-rod; slotted crank, engine 
governor, valve motion and reversing gear, obtaining egg-shaped elliptical motion, silk 
spooling motion, carpenters’ bench clamp, uncoupling engines, varying speed of slide in 
shaping machines, reversing gear for single engine, diagonal catch and hand-gear, 
disengaging eccentric-rod, driving feed-rolls, link-motion valve-gear, screw clamp, 
‘tmangl»-wheel and pinions, mangle-rack, rolling contact, wheel and pinion, ratchet-wheel, 

rorm-wheels, pin-wheel and slotted pinion, Geneva stop, stops for watches, cog-wheels, 
Ner motion in wool-combing machines, ratchet and pawl, drag-link motion, expanding 
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3 Waricus forms,—dise, cylindrical, circuh 
annclar, and complex forms: precaations in making large catten 
sg ryentand poner require), Weolsorninz Plain gouzes and chisels ; turnit 
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anens angle of catting edge, and shaje of edge ; various forms of roun 
wend tol and Low te make them from worn-out files; fixing the tools in handle 
restoring the efges of weottumming tools wee ee ae BB 


Masonry: Son: rk: durability of uatural stones, conditions which aiect it, chemic 
sveapertion mus: Le considered, physical structure an / its influence, average life of vario 
building stones; working; haniness; strength; weight ; appearance ; position in quar 
seasoning; nitural be is; destructive azeots,—chemical, mechanical, 
examination,—Brant’s test, acid test, Smith's test: quarrying ; classitieat 
verpentine ; sandstones; limestones,—marble, compact limestones, she ly limestones, ma 
wesian limestones ; preserving, —| silicatising, vther processes; stenemasons’ tools, 
saws, wallets, chivels; laying stonework, rubble, coursed rubble. combined rubbl: 
ashlar work; joining stones; stone walls. ickwork: bricks\—viassitication, cutte 
rubbers onfinary building, underburnt ; names and prices of various kinds of brick, wi 
minute descriptions; qualities of a good building brick ; size; te-ting. Terracotta bloc! 
jenin: them, their advantages and disadvanta-es; errors in using terracotta: faults 
making it. Limes: rich oF fat limes, poor limes, hydraulic limes, ai I hydraulic lim 
Saud: argillaceous, siliceous, and calcareous, its characters and impurities; washin 
substitutes. Mortar: its qui governed by that of its constituents; danger of using { 
limes; superiority of hydraulic lime and cement ; objects of using sand, and conditions to 
ubserved ; choice of water; proportions of sand desirable ; measuring the ingredients 
wortar; ing the mortar ; selenitic mortar ; lime and cement mixtures ; srout ; moistu 
qweontial to the setting of mortars, Bricklayers’ tools. Laying bricks es, breaking joir 
bond ; headers, stretchers, and closers; English and Flemish bond ; rakinz courses in thic 
walla: keeping the work level and plumb; ensuring adhesion between the brick and tl 

wointing aud finishing brick work,—striking, tuck pointing, weather joint, basta: 

tuck, baxtard-tuck pointing, evils and uselessness of the common methods and description 

how it should be done; examples of first and second courses of walls in various styles + 

bond ; hol!ow walls; fireplaces. Concrete: the materials composing it, their choice an 

Proportions ; mising; laying moulds for constructing walls; the cementing material ; bul 
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head of a T-square in working at the edges of the drawing. It is strange thata drawig 
square should ever have been made in any other manner than this, and still more stranga, 
that people will use equares that do not allow the eet squares to pass over the heads and 
come near to the edge of the board, A bevel square is often convenient, but should be 
an independent one; a T-square that has a movable blade is not suitable for genenl 
use, Combinations in drawing instruments, no matter what their character, should be 
avoided, For set squares, or triangles, as they are sometimes called, no material is 
good as cbonite; such squares are hard, smooth, impervious to moisture, and contrat 
with the paper in colour; besides, they wear longer than those made of wood. Far 
instruments, it is best to avoid everything of an elaborate or fancy kind. Prue 
only such instruments at first a8 are really required, of the best quality, and then add 
others as necessity may demand; in this way, experience will often suggest moiilicatious 
of size or arrangement that will add to the convenience of a set. 

Paper—Tho following table contains the dimensions of every description of 
English drawing-paper. 


In. in. in, fn 
Demy .. «20 by 15 Columbier .. .. 34 by 8 
Medium.. 4. «22 y 17 Atle .. 0... 83 4 8 
Royall .. ws My 19 Double Elephant .. 40 ,, 2% 
Imperial. 4.4. BL yy QL Antiquarian... 52, 9 
Elephant ww. OT 23 Emperor... «68 oy 48 


For making detail drawings an inferior paper is used, termed Cartridge ; this 
anawers for line drawings, but it will not take colours or tints perfectly. Continuous 
cartridge paper is alao much used for full-sized mochanical details, and some othe 
purposes, It is made uniformly 53 in. wide, and may be had of any length by the yarle 
up to 300 yd. For plans of considerable size, mounted paper is used, or the drawings 
are afterwards occasionally mounted on canvas or linen. 

Mounting.—In mounting sheets that are likely to be removed and replaced, for ths 
purpose of modification, as working drawings generally are, they can be fastened vay 
well by amall copper tacks driven in along the edges at intervals of 2 in. or less, The 
paper can be very slightly dampened before fastening in this manner, and if the open 
tion is carefully performed the paper will be quite as emooth and convenient to wok 
upon as though it were pasted down; the tacks can be driven down ao as to be flat 
with, or below the surface of, the paper, and will offer no obstruction to squares, Ife 
drawing is to be elaborate, or to remain long upon a board, the paper should be peste 
down, To do this, first prepare thick mucilage, or what is better, glue, and have 
reaily at hand, with some slips of absorbent paper 1 in, or so wide. Dampen the sheet 
on both sidea with a sponge, and then apply the mucilago along the edge, for a widia 
of 3-3 in. It iso matter of some difficulty to place a sheet upon a board; but if the 
Ward is set on its edge, the paper can be applied without assistance. Then, by putting 
the strips of paper along the edge, and rubbing over them with some smooth h 
instrument, the elges of tho sheet ean be pasted firmly to tho board, the paper slip® 
taking up a part of tho moisture from the edges, which are longest in drying. If let 
in this condition, the cvntro will dry first, and the paper be pulle 1 loose at the edges by 
contraction before the paste has time to dry. It ia therefure necessary to pass over the 
contro of the shect with a wet sponge at intervals to keep the paper slightly damp unt! 
tho edges adhere firmly, when it can be left to dry, and will be tight and smonth, Os! 
of the most common difficulties in mounting sheets is in not having the gum or gl® 
thick enough; when thin, it will bo absorbed by tho wood or the paper, or is too long ¢ 
drying. It should be as thick as it can be applied with a brush, and made from le# 
Arabic gum, tragncanth, or fine glue. Thumb-tacks are of but little use in mechanic 
drawing oxcopt for tho most temporary purposes, and may very well be dispensed wi 
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To produce finished drawings, it is necessary that no portion should be erased, 
otherwise the colour applied will bo unequal in tone; thus, when highly finished me- 
chanical drawings are rcquired, it is usual to draw an original and to copy it, = 
mistakes are almost cortain to occur in delineating any new machine. Where sufficient 
time cannot be given to draw and copy, a very good way is to take the surface off the 
paper with fine glass-paper before commencing the drawing; if this be done, the colar 
will flow equally over any erasure it may be necessary to make afterwards, 

Whore ink lines are a little over the intended mark, and it is difficult to erase then 
without disfiguring other portions of the drawing, a little Chinese white or flake-white 
mixed rather dry, may be applied with a fine sable-brush; this will reuder a small 
defect much lesa perceptible than by erasure, 

Whenever the surface of the paper is roughened by using the erasing knife, it should 
be rubbed down with some hard and perfectly clean rounded instrument. 

Inking.—Ink used in drawing should always be the best that can be procured ; without 
good ink a druughtaman is continually annoyed by an imperfect working of pens, and 
the washing of tho lines if thero is shading to be done. The quality of ink can only be 
dotermined by experiment; the perfume that it: containe, or tin-foil wrappers and 
Chinese lubels, aro no indication of quulity; not even the price, unless it be with 
womo first-class honse. It is better to waste a little time in preparing ink slowly 
than to bo at a continual trouble with pens, which will occur if the ink is groud 
tio rapidly or ona rough earfaco, To test ink, a few lines can be drawn on the margin 

of ushect, noting the shade, how the ink flows from the pen, and whether the 
lines are sharp. After the lines have dried, cross them with a wet brash: if 
they wash readily, the ink is too suft; if they resist the water for a time and 
then wash tardily, the ink is good. It cannot be expected that inks soluble i 
water can permanently resist its action after drying; in fuct, it is not desirable 
that drawing inks should do so, for in shading, outlines should be blended inte 
the tints whero the latter are deep, and this can only be effected by washing, Pens will 
generully fill by capillary attraction ; if not, they should be made wet by being dipped 
into water, They should not be put into the mouth to wet them, as there is danger 
of poison from somo kinds of ink, and tho habit is not a neat one, In using ruling pros 
they should bo held nearly vertical, leaning just enough to prevent then 
from catching on the paper. Beginners havo o tendency to hold pens at a low 
angle, und drag them on their side, but this will not produce clean sharp lines, not 
ullow the lines to be made neur enough to the edges of square blades or mt 
squares, The pen should be held between the thumb and first aud second fingers, 
the knuckles being beut, so that it may be at right angles with the length of the hand. 
‘The ink should be rubbed up fresh every day upon aclean palette, Liquid ink and. 
other similar preparations are gencrally failures. ‘The ink should be moderately thick» 
so that the pen when slightly ehaken will retain it } in, up the nibs, The penis su 
by breathing betweon the nibs beforo immoraion in the ink, or by means of a smalloamel— 
hair brush; the nibs will afterwards requiro to be wiped, to prevent the ink going upox= 
the cdge of tho instrument to be drawn against. Tho edge used to direct tho pen shoul: 
in no instunce be less than ,'; in. in thickness: 41; in. is perhaps the best. If the ede 
Le very thin, it is ulmost impoxsible to provent the ink escaping upon it, with the graa-® 
risk of its getting on to the drawing. Before putting the pen away, it should b=? 
carcfully wiped between tho uibs by drawing a piece of folded paper through thers? 
until thoy aro dry and clean, 

With all forms cf dotting pen a little knack is required in using. If straight line 
aro to be produced, it is advisable to lay a pieco of writing paper right up to the plo 
whero the line ia intended to commence, By this means it is readily discovered if th<= 
pen is working well. It also avoids a starting-point on the drawing, which very com— 
ruonly leaves a few dots running into cach other. For drawing circles with the dotting 
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drawings require no shading; yet it will do no harm to learn how and where they 
be ‘shaded: it is better to omit the shading from choice than from necessity. | 
tions must, of course, be shaded—with lines ia the old custom, yet it ia certain 
tedious and useless one; sections with light ink shading of different colours, to indi 
the kind of material, are easier to make, and look much better. By the judic 
arrangement of @ drawing, a large share of it may be in sections, which in aln 
every case aro the best views to work by. The proper colouring of sections g. 
a good appearance to a drawing, and makes it “stand out from the paper.” In shad 
sections, leave a margin of white between the tints and the lines on the upper and | 
he ides of the section: this breaks the connection or sameness, and the effec 
striking ; it separates the parts, and adds greatly to the clearness and general app 
ance of a drawing. 

Cylindrical parts in the plane of sections, such a8 shafts and bolts, should be dma 
full, and bave a “round shade,” which relieves the fiat appearance—a point to 
avoided as much as possible in sectional viows. 

Title.—The title of a drawing is a feature that has much to do with its appearat 
and the impression conveyed to the mind of an observer. While it can add nothing 
the real value of drawing, it is 20 easy to make plain letters, that the apprentio 
urged to learn this as soon as he begins to draw; not to make fancy letters, nor inde 
any kind except plain block letters, which can be rapidly laid out and finished, and c 
soquently employed to a greater extent. By drawing 6 parallel lines, and makin 
spaces, and then crossing them with equidistant lines, the points and angles in bl 
letters are determined ; after a little practice, it beoomes the work .of but a few mint 
to put down a title or other matter on a drawing so that it can be seen and read: 
glance in searching for sheets or details. In the manufacture of machines, there 
usually so many sizes and modifications, that drawings should assist and determine i 
large degree the completeness of classification and record. For simplicity eake i 
well to sssume symbols for machines of different classes, consisting generally of 
letters of the alphabet, qualified by a single number es an exponent to designate capac 
or different modifications. Assuming, in the caso’ of engine lathes, A to be the sym 
for lathes of all sizes, then those of different capacity and modification can be represen 
in the drawings and records as A', A*, and soon, requiring but 2 characters to indicat 
lathe of any kind. These symbols should be marked in large plain letters on the left-br 
lower corner of shects, so that any one can see ata glance what the drawings relate 
‘When the dimensions and symbols are added to a drawing, the next thing is pattern 
catalogue numbers. These should be marked in prominent, plain figures on each pit 
either in red or other colour that will contrast with the general fuce of the drawing. 

_ Nature of Drawings.—Isometrical perspective is often useful in drawing, especis 
in wood structures, when the material is of rectangular section, and disposed at ri 
angles, as in machine frames. One isometrical view, which can be made nearly 
quickly as a true elevation, will show al] the parts, and may bo figured for dimensi 
the same as plane views. True perspective, although rarely necessary in mechani 
drawing, may be studied with advantage in connection with geometry ; it will often 
to the explanation of problems in isometric drawing, and will also assist in free-he 
lines that have sometimes to be made to show parts of machinery oblique to the regu 
planes. 

Geometrical drawings consist of plans, elevations, and sections ; plans being views 
the top of the object in a horizontal plano; elevations, views on the sides of the obj 
in vertical planes; and sections, views taken on bisecting planes, at any angle thro. 
an object. 

Drawings in true clevation or in section are based upon flat planes, and gi’ 
dimensions parallel to the planes in which the views are taken. 

‘Two elevations taken at right angles to each other fix all points, and give 
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are also represented in natoral colours, the primitive colours being mixed and varied by 
the judgment of the draughtsman, who, to produce the beat effecta, must be in some 
degreo an artist, . 

Care should be taken in making an elaborate drawing, which is to receive colour, 
that the hand at no time rest upon the surface of the paper, as it is found to leaves 
greasincss difficult to remove, A piece of paper placed under the hand, and if the square 
ie not vory clean, under that also, will prevent this, Should the colours from any cans, 
work greasily, a little prepared ox-gall may be dissolved in the water with which the 
colours are mixed, and will cause them to work freely. 

Shading.—For shading, camel- or sable-hair brushes, called softeners, are generally 
used : these have a brush at each end of the handle, one being much larger than tle 
other. The manner of using tho softener for shading is, to fill the smaller brush wilh 
colour, and to thoroughly imoisten the larger one with water ; the colour is then laid upoa 
the drawing with the emaller brush, to represent the dark portion of the shade, and 
immediately after, while the colour is quite moist, the brush that is moistened with 
water is drawn down the edgo intended to be shaded off; this brush is then wiped upon 
a cloth and drawn down the outer moist edge to remove the surplus water, which will 
Ivave tho shade perfectly soft. If very dark shades are required, this has to be repeated. 
when the first ia quite dry. 

To tint large surfaces, a large camel-hair brush is used, termed a wash-brush. The 
manner of procecding is, first, to tilt the drawing, if practicable, and commence by 
putting the colour on from the upper left-hand corner of the surface, taking short strokes 
the width of the brush along the top edge of the apace to be coloured, immediately fol- 
lowing with another line of similar strokes into the moist edge of the first line, and so 
on as fur as required, removing the last surplus colour with a nearly dry brush. The 
theory of the above is, that you may perfectly unito wet colour to a moist edge, althougla 
you cannot to a dry edge without showing tho juncture. For tinting surfaces, it is welll 
always to mix more than sufficient colour at first. 

Colouring Tracinge.—It is always best to colour tracings on the back, as the ink lines 
are liublo to be obliterated when the colour is applied. Mix the colours very dark, eo 
that they may appear of proper depth on theother side. If ink or colour does uot ram 
freely on tracing cloth, mix both with a little ox-gall. 

Removing Drawings from the Board.—Muke a pencil line round the paper with the 
T-squaro ut a sufficient distance to clear the glued edge, and to cut the peper with » 
penknife, guided by a stout ruler. In no instanco should the edge of the T-square be 
used to cut by. A piece of hard wood 4 in. thick by 2 in. wide, and about the length 
of the paper, forms a useful rule for {he purpose, aud may be had at small cost, The 
instrument uscd for cutting off, in any important draughtsman's office, is what is termed 
a stationere’ rule, which is a piece of hard wood of similar dimensions to that just 
described, but with the edges covered with brass. It is necessary to have the edge 
thick, to prevent the point of the knife slipping over. Either of the above rales will 
also answer to turn the edge of the paper up against when glucing it to the board. 

Blounting Engratings.—Strain thin calico on a frame, then carefully paste on the 
engraving 80 as to be free from creases; afterwards, when dry, give 2 coats of thin size 
(a piece the size of small nut in a small cupful of hot water will be strong enough) ; 
finally, when dry, varnish with white hard varnish, 

Pencil Drawings, to fiz—Prepare water-starch, in the manner of the laundress, of 
euch a strength as to form a jelly when cold, and then apply with a broad camel-hair 
Lrush, as in varnishing. The same may bo done with thin, cold isinglass water or size, 
or rice water. 

Tracing-cloth.—Varnish tho cloth with Canada balsam dissolved in turpentine, to 
which may be added » few drops of castor-oil, but do not add too much, or it will not 
Gry. Try 6 little pices first with » small quantity of yarnish. The kind of cloth to neo 
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minutes, and the tracing-paper is dry and ready for immediate use. The drawing a 
tracing can be made either with lead-pencil or Indian ink, and the oil removed from the 
paper by immersing it in absolute alcohol, thus restoring its original opacity. The 
alcohol employed in removing the oil is, of course, preserved for diluting the oil used 
in preparing the next sheet. (5) Put } oz. gum-mastic into a bottle holding 6 oz. best 
spirits of turpentine, shaking it up day by day; when thoroughly dissolved, it is realy 
for use. It can be made thinner at any time by adding more turps, Then take som 
sheets of the best quality tissue-paper, open them, and apply the mixture with a small 
brush, Hang up to dry. (6) Saturate ordinary writing-paper with petroleum, and 
wipo the surface dry. (7) Lay u ahect of fine white wove tissue-paper on a clean beard, 
brush it softly on both sides with a solution of beeswax in spirits of turpentine (sy 
about } oz, in } pint), and hang to dry for a few days out of the dust. 
Transfer-paper—(1) Bub the surface of thin post or tissue-paper with graphil 
Qlacklead), vermilion, red chalk, or other pigment, and carefully remove the excess of 
colouring matter by rubbing with a clean rag. (2) Rub into thin white paper s 
mixture of 6 parts lard and 1 of beeswax, with sufficient flue lampblack to give its 
good colour; apply the mixture warm, and nct in excess, (%) Under exactly the sam 
conditions use a compound consisting of 2 oz. tallow, $ oz. powdered blackleud 
(graphite), } pint linseed oil, and enough lampblack to produce a creamy consistence. 
Copying Drawings—Apart from the mechanical operation of tracing, there are 
several methods by which facsimile copies of drawings can be produced with a very 
slight expenditure of labour avd at small cost. These will now be described. (1) Cyano- 
type, or ferro-prussiate paper. This is prepared by covering one side of tho sheet with 
a mixture of red prussiate of potash (potassium ferrocyanide) and iron peroxide; under 
the influence of light, i.e. under the white portions of the drawing to be copied, the 
ferric compound is reduced tu the state of a ferrous salt, which gives with the red 
prussiate of potash an intense bluo coloration, analogous to Prussian blue. Thid 
coloration is not produced in the portions of the sensitive paper protected from the 
light by the black lines of the drawing to be copied, and on washing the print the 
design appears in white lines on a blue ground. The formula for preparing the sensitive 
Paper is as followa:—Dissolve 10 dr. red prussiate of potash (ferrocyanide) in 4 oz 
water; dissolve separately 15 dr. ammonio-citrate of iron in 4 oz. water; filter the 
2 solutions through ordinary filtering-puper, and mix. Filter again into a large flat 
dish, and float each sheet of paper to be sensitised for 2 minutes on the surface of the 
liquid, without allowing any of this to run over the back of the paper. Hang up the 
sheets ina dark placo to dry, und keep from light and dampness until used. They will 
retain sens{tiveness for a long time. The paper being reudy, the copy is easily made 
Procure either heavy shect of plate gliss, or a photographer's printing frame, and lay 
tho drawing to be copied with the face against the glass; on the back of the drawing, 
lay the prepared side of the sensitive paper, place upon it a piece of thick felt, and 
replace the cover of the printing framo, or in some other way press the felt and papers 
firmly against the glass. Expose, glass sido up, to sunshine or diffused daylight, for 
time, varying, with the intensity of tho light and the thickness of the paper bearing the 
original drawing, from minutes to huurs, It is better to give too much than too little 
exposure, as the colour of a dark impression can be reduced by long washing, while a 
feeble print is irremediably spoiled. By leaving a bit of tho sensitive paper projecting 
from under the glass, the progress of tho coluration can bo observed. When the ex- 
posure has continued long enough, the frame is opered and the sensitive sheet is with- 
drawn and thrown into a pan of water, to be replaced immediately by another, if several 
copies are desired, so that the exposure of the second may be in progress while tho first 
is being washed and fixed. The water dissolves ont the excess of the reagents used in 
the preparation of the paper, and after several washings with fresh water the print 
loges its sensitiveness and begomes permanent, It is advantageous, after several washings 


12 MecHantcaL Drawina. 


then be rinsed in a large basin of water, or under a faucet furnished with a sprinkling 
nozzle, and @ soft brush used to clear away any remaining clouds of blue; and finally, 
the paper hung up to dry. The ferrocyanide bath is not subject to change, and may 
be used to the last. If it begins to crystallise by evaporation, a fow drops of water may 
be added. The specks of blue which are formed in this bath, if not removed by the 
subsequent washings, may be taken out at any time by touching them with a week 
solution of soda or potash carbonate. ‘The prints may be coloured in the usual way. 

(8) Blue figures on o white ground are changed into black by dipping the proof ins 
solution of 4 oz. common potash in 100 oz. water, when the blue colour gives place tos 
sort of rusty colour, produced by iron oxide, The proof is then dipped in @ solution of | 
5 oz. tannin in 100 oz. water. The iron oxide takes up the tannin, changing toa deep : 
Llack colour; this ia fixed by washing in pure water. 

(A) Joltrain’s, Black lines on white ground. The paper is immersed in the following 
solution ;—25 oz. gum, 8 oz. sodium chloride, 10 oz. iron perchloride (45° B.), 5 ox. ina 
sulphate, 4 oz. tartaric acid, 47 oz. water. The developing bath is a solution of redo 
yellow prussiate of potash, neutral, alkaline, or acid. After being exposed, the positive 
is dipped in this bath, and the parts which did not receive the light take a dark-green 
colour; the other parts do not change. It is then washed with water in order to remove 
the'excess of prugsiate, and dipped in a bath containing acetic, hydrochloric, or sulphuris 
acid, when all the substances which could affect the whiteness of the paper are removed. 
The lines have now an indigo-black colour, Waeh in water, and dry. 

(8) Copies of drawings or designs in black and white may be produced upon paper 
and Jinen by giving the surfuce of the latter 2 coatings of: 217 gr. gum arabic, 70 gr- 
citric acid, 135 gr. iron chloride, } pint water. The prepared material is printed under 
tho drawing, and then immersed {n a bath of yellow prussiate of potash, or of silver 
nitrate, the picture thus developed being afterwards put in water slightly acidified witha 
sulphuric or hydrochloric acid. 

(6) Benneden states that paper, prepared as follows, costs but } as much as the 
ordinary silver cbloride paper, is as well adapted to the multiplication of drawings, audl 
is simpler in its manipulation, A solution of potash bichromate and albumen or gumy 
to which carbon, or some pigment of any desired shede, has been added, is brashed, as 
uniformly as possible, upon well-sized paper by lamplight, and the paper is dried in the 
dark. Tho drawing, exocuted on fine transparent paper (or an engraving, or woodcut, 
&,), is then placed beneath a flat glass upon the prepared paper, and exposed to the 
light for a length of time dependent upon the intensity of the light. The drawing is 
removed from the paper by lamplight, and after washing the latter with water, a negative 
of the drawing remains, since the portions of the coating acted on by the light become 
ingolublo in water. From such a negative, any number of positives can be taken in the 
game way. 

(7) Dieterich’s copying-paper. Tho manufacture may be divided into 2 parts, vize 
the production of the colour and its application to the paper. For blue paper, he uses 
Paris blue, as covering better than any other minoral colours. 10 Ib. of this colour are 
coarsely powdered, and mixed with 20 Ib. ordinary olive oil; 3 1b. glycerine is them 
added. This mixture is, for a week, exposed in a drying-room to a temperature off 
104°-122° F, (40°-50° C.) and then ground as fine as possible in a paint-mill. The 
glycerine softens the hard paint, and tends to make it more easily diffusible. Melt 
$ Ib. yellow wox with 18} Ib. ligroine, and add to this 74 Ib. of the blue mixture, 
mixing slowly at temperature of 86°-104° F. (30°-40° C.). The mass is now of the 
consistence of honey. It is applied to tho paper with a coarse brush, and 
evenly divided and polished with a badgers’ hair brush. The sheets are then dried on & 
table heated by steam. This is done in a few minutes, and the paper is then ready for 
the market. The quantities mentioned will be sufficient for about 1000 sheets of 36 in. 
~y 20, being @ day’s work for 2 girls, For black paper, anjline black is used in the same 
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The casting is then said to be “ blown.” It not infrequently occurs that castings which 
appear good and eound externally are filled with hidden defecte, because, the surface 
being first cooled, the bubbles of air will attempt to break their way through the centnl 
and still soft parts of the metal. 

The perfection of castings depends much on the skill of the pattern-maker, who 
should thoroughly understand the practice of the moulder, or he is liable to make the 
patterns in such a manner as to render them useless, Struight-grained deal, pine, and 
mahogany are the best woods for muking patterns, as they remain serviceable longest. 
crows should be used in preference to nails, as alterations may be more easily made, 
and for the sume reason dovetails, tenons, and dowels are also good. Foundry pattems 
should always be made a little tapering in the parts which enter most deeply into the 
mnd, whenover it will not materially injure the castings, in order that they may be 
more easily removed after moulding. This taper amounts to 7 or 4 in. per ft, and 
rometimea much more, When foundry patterns are exactly parallel, the friction of the 
xand against their sides is so great that considcrable force is required to remove them, 
and tho sind is torn down unless the patterns are knocked about a good deal in the 
mould to enlarge the space around them. This rough usage frequently injures the 
patterns, and causes tho castings to become irregularly larger than intended, and 
defective in shape, from the mischief sustained by the moulds and patterns. 

Sharp internal unglea should be avoided as much as possible, as they leave chap 
edges or arrises in the sand, which are linble to be broken down on the removal of the 
patter, or washed down by the entry of the metal into the mould, Either the angled 
the mould should be filled with wood, wax, or putty, or the sharp edges of the sand 
should bo chamfered off with a knife or trowel. Sharp internal angles are aleo very 
injudicious in reepeet to the strength of castings, as they seem to denote where they 
will be likely to break. Before the patterus reach tho founder's hands, all the glue 
remaining on their surfaces should be carefully scraped off, or it will adhero to and bresk 
down the rand. ‘The best way is to paint or varnish wooden patterns, to prevent theit 
absorbing moixturo and tho warping of the surface and sticking of the sand. Whether 
puinted or not, they deliver better from the mould when they aro well brushed with 
1 Head. 

Foundry patterns aro also mado in metal, These are excellent, as they are per- 
manent, and when very smull are less Lable to be blown away by tho bellows used for 
removing the loose sand and dust from the moulds. To prevent iron patterns from 
rusting and to make them deliver moro eusily, they should be allowed to become 
tightly rusty, and then warmed and beeswax rubbed over them, tho excess removed, 
ond thy remainder polished after cooling, with a hard brush, Wax is also used by the 
founder for stopp:ng up any little holes in the wooden patterns, Whiting is al-o ued 
for this purpose, but is not as good. Very rough patterns are scared with a hot iron 
‘ho good workinan, however, leaves no necessity for these corrections, and the perfection 
of the pattern ix well repaid by the superior character of the castings. Mctallie patterns 
frequontly have holes tapped in them for receiving handles, which screw in, to facilitate 
{heir removal from the sand, Large wooden patterns should also have iron plates let 
Into them, into which bundles can be screwed. Otherwiso, the founder is obliged to 
drivn pointed wires into them, and thereby injure the pattern, 

‘The tools used in making the moulds are few and simple—a sicve, shovel, rammer, 
trike, mallet, a knife, and 2 or 8 loosening wires and little trowela, which it is 
unnecessary to describe, 

‘The principal materials for making foundry moulds are very fine sand and loam. 
They are found mixod in various proportions, 20 that the proportion proper for different 
sos cannot bo well defined ; but it is always best to employ the least quantity of loam 
that will suffice, ‘These materials are seldom used in the raw stato for brasu casting, 
although more so for iron, and the moulds made from fresh sand are always dried. The 
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After the sand is mado good to the edges of the patterns, brick-dust is again sliake 
over it, the patterns also receiving a portion. The upper part of the flask is then fitte 
to the lower by pins of iron fitting in metal eyes; and a little strong sand is sifted i 
It is then filled up with the ordinary sand, which is rammed down and struck off flus 
with the edgo of the flask. The dry powder serves to keep the 2 halves from stickin 
together. 

In order to open the mould for tho extraction of the patterns, a board is placed a 
the top of the flask and struck smartly at different places with a mallet. The uppa 
part of the flask is then gently lifted perpendicularly and inverted on its board. Should 
it happen that any considerable portion of the mould is broken down in one piece, tht 
cavity is moistened and the mould is again carefully closed and lightly atruck. On the 
second lifting, the defect will usually be remedied. All breaks in the sand are carefully 
repaired before the extraction of the patterns. 

To remove the models, they are driven slightly sidewise with taps of a mallet, so a 
to loosen them by enlarging the space around them. ‘The patterns are then lifted oat, 
and any sand which may have been torn down must be carefully replaced, or fresh sand 
is used for the repairing. Should the flask only contain one or two objects, the ingat 
or runner is now scooped out of the sand, eo a8 to lead from the pouring-hole to the 
object. Where several objects are in tho same flask, a large central channel, with 
branches, is made. Tho entrance of the pouring-hole is smoothed and compressed, and 
ull the loose aund blown out of the mould with hand-bellows. 

The faces of both halves of the mould are next dusted with meal-dust or waste flour, 
put together, and the hoards replacod—one just flush with the side of the flask in which 
the pouring-hole is situated, and the other (on the side from which the metal is to be 
poured) is put about 2 in. below, and secured by hand-serews. ‘The mould is then beld 
mouth downwards, that any sand lovscued in the screwing down may fall out, It is now 
ready to be filled. 

Whero the bottom half of the flask requircs to be much cut away for imbedding tht 
pattcrng, it is usual, when the second half is completed, to destroy the first or “ falze" 
side, which has been hustily made, and to repeat it by inverting the upper flask and 
proceeding as before. 

When many copies of the same patterns are required, an “odd sidv” is prepared— 
thut is, a flask is chosen which has ouo upper and two lower portions. One of the latter 
ia curcfully arranged, with all the patterns barely half-way imbedded in the sand, so that 
when the top is filled, aud both are turned over, all of the patterns are left in the new 
sido. A second lower portion is then made for receiving the metal while the first one i 
Kept for rearranging the patterns, By this plan, the trouble of arranging the patter 
for every separate mould is avoided, as the patterns are simply replaced in the odd sid 
and tho routine of forming the two working-sides is repeated. (W. H. Cooper.) 

Brass and Bronze Founding.—A vast number of articles, chiefly small in sise 
and of a moro or less artistio character, are cast in brass, bronze, or one of the many 
modifications of these well-known alloys. 

Pure copper is moulded with difficulty, because it is often filled with flaws and air 
Iubbles, which spoil the casting; but by alloying it with a certain quantity of zinc, a 
metal is obtained free from this objection, harder and more easily worked in the lathe 
Zino renders the colour of eupper more pale; and when it exists in certain proportionsia 
tho alley, it communicates to it a yellow hue, resembling that of gold; but when presea 
in lunge quantity the colour is a bright yellow ; and, lastly, when the zino predominates, 

the alloy becomes of a greyish white. Various names are given to these different alloys 
'The one most used in the arts is brass, or yellow copper, composed of about 3 of coppe 
aud } of zine, Other alloys are also known in commerce, by the names of tombac, simile 
or Mannheim gold, pinchbeck or prineo’s metal (chryaocale), &c.; they contain i 
addition greater or loss quantities of tin, Tombao, used for ornamental objects whic 
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symmetrically around it, Below the bed-plate is the ash-pit f leading to an an 
air passage g, which supplies air to the ash-pit, Tapering cast-iron nozzles, 6 in. b 
3 in. diameter at the bottom, 1} in. at the top, and about @ in. thick, are placed over 
12 emall holes ¢. The space between the top of the bed-plate and the top of 
nozzles is built up with fire-brick and fire-clay until it forms a surface perfectly | 
With the top of the small nozzles, Jeaving the central hole free. These nozzles do thed 


S 
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of a fire-grate, by admitting the air that supports combustion, The whole constroc 
is enclosed in a solid mass of brickwork, and an iron bar h is built in over the air- 
in front of the bed-plate, and resting on the walls forming the sides of the air-way 
give support. The dimensions of the furnace shown are 8 ft. 6 in. diameter, 
8 ft. 6 in. height from furnace bed to crown of arch. 

‘The ordinary melting furnace is shown in Fig. 2. The fire-place a is lined throug! 
with fire-brick, as well as the opening d into the flue and a portion of the flue e its 
bis the ash-pit; c, register-door of ash-pit, by which the draught is partially regula 
J; fire-brick cover for the furnace ; g, fire-bars, It is built all round with common bri 
and as many as 6 may use the same stack. 

Fig. 8 illustrates the circular melting furnace, consisting of an iron plate a pier 
in the centre by a circular hole of the size of the interior of the furnace, and crossed 
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of cracking or burning through. They are not eo open and porous as the clay 
crucibles, and do not absorb 80 much of the metal, and for this reason they are 
to be preferred for melting valuablo metals. When about to use a crucible, it should 
be heated gradually by putting it in the furnace when the fire is started, or by 
setting it on the tup of the tyle or covering of the furnace, with the mouth down; 
it should bo heated in this way until it is almost too hot to hold in the hands 
Some founders stand a fire-brick on end in the bottom of the furnace to set the crucible 
on, This prevents the crucible from settling with the fuel as it is burnt away. This 
way of supporting the crucible is a good idea when the furnsco has a poor draught 
and the metal is melted slowly and it is necessary to replenish the fuel before the metal 
can bo melted; but in furnaces where the metal is melted quickly, and it is not 
necessary to replenish the fuel in the middle of the heat, the crucible should be 
allowed to settle with the fuel, as the heat will then be more concentrated upon 
it. After the metal has been poured from the crucible into the mould or ingot, 
the crucible should always bo returned tu the furnace, and allowed to cool off with the 
furnace to prevent it from cracking. In forming alloys of brass, &c., a lid for the 
crucible is seldom used, but a covering of charcoal or some kind of flux is generally laid 
on tho metal. The metal to be melted in the crucible is generally packed in before 
the crucible is put into the furnace; and when it is desirable to add to the metal after 
some has been fusel, it is put in with tho tongs, if in large pieces; but when the metal 
to be added is in amall p'eces, it is put into the crucible tlirough a long funnel-shapod 
pipe. Tho small end of this pipe is used for putting metals into the crucible, and the 
large eud is used for covering the crucible to prevent the smull pieces of fuel from 
falling in. 

Moulding.—Brass moulding is carried on by means of earthen or sand moulds- 
‘The formation of sand moulds is by no means so simple an affair us it would first appear, 
for it requires long practical experience to overcome the disadvantages attendant upon 
the material used. The moulds must be sufficiently strong to withstand the actiou of 
tho fluid metal perfectly, and, at the samo time, must be so far pervious to the air as to 
permit of the egress of the gases formed by the action of the metal on the sand. If 
tho muterial wero perfectly air-tight, then damage would ensue trom the pressure arising 
out of the rapid gencration of gases, which would spoil the effect of the casting, and. 
probably doserious injury tothe operator, If the gases are locked up within the mould, 
tho general result is whut moulders term a “ blown ” casting; that ia, its surface becomes: 
filled with bubbles, rendering its texture porous and weak, besides injuring its appearance. 

For a number of the more fusible metals, plaster of Paris is used. This material, 
however, will not answer for the moro refractory ones, as the heat causes it to crumble 
away and lose its shape. Sand, mixed with clay or loam, possesses advantages not to be 
found in gypsum, and is consequently used in place of it for brass and other alloys. 
In tho formation of brass moulds, old damp sand is principally used in preference to the 
fresh material, being much less adhesive, and allowing the patterns to leave the moulds 
easicr and cleancr, Meal~lust or flour is used for facing the moulds of emall articles, 
but for larger works, powdered chalk, wood ashes, and 50 on are used, as being more 
economical. If particularly fine work is required, a facing of charcoal or ruttenstone is 
applied. Another plan for giving e fiue surface is to dry the moulds over a slow fire 
of cork shavings, or other carbonuceous substance, which deposits a fine thin coating of 
carbon. This is done when govd fine facing-sand ia not to Le obtained. As regards the 
proportions of sand and loam used in the formation of the moulds, it is to be remarked. 
that the greater the quantity of the former material, the more easily will the gases escape, 
and the less likeliliood is there of a failure of the casting; on the other hand, if the 
latter substance predominates, the impression of the pattern will be better, but a far 
greater liability of injury to the casting will be incurred from the impermeable nature of” 
the moulding material. This, however, may be got over without the slighest risk, by 
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the whole exterior of the bell is moulded in wax, which serves as a model to fi 
impression in the sand, the wax being melted out previoug to peuring in the 
‘This plan is rarely pursued, and is only feasible when the costing is small. 
scriptions, ornaments, scrolls, and s0 on, usually found on bclla, are put on the cla; 
separately, being moulded in wax or clay, and stuck on while soft. The same 
pursued with regard to the ears, or supporting lugs, by which the bell is hung. 

Moulds faced with common flour turn out castings beautifully smooth and 
the sand parts easily from the surfaces, and, as a rule, can bo readily removed 
application ofa bard brush, For large brass castings, quicklime ia successfully 
some places; it is simply dusted on the face of the mould and smoothed down 
usual way. 

Sometimes, even when the brass mixtures are good, there will be much 
with blowing, both in dry and green moulds, This may be due to want of por 
the sand or to insufficient heat of metal. A first-class sand is that from the M: 
quarries, ncar Nottingham. It is a good plan to stir the metal with a hazel r 
before pouring. 

The ordinary method of casting in sand moulds epplied in successive piece 
plaster of Paris casting, is not ao much in use in Italy as what ia called the 
perdula” mode; meuning that the object is destroyed or “lost” every time. ( 
froin metallic or other incombustible objects is therefore impocsible by this r 
Tho object must be of wax, or something that will melt or burn out, the 
having been dried and baked. By this way very little chasing is required, I 
artist has to finish his wax object (cast in a plaster mould) each time. The adv 
of this method is that you get the artist's finishing of his own work instead 
chaser’s, who, though he ought to be, is by no means always an artist, He cs 
mechanically, but the work always loses terribly in expression and finish. 

‘The following process is recommended by Abbass for producing metallic cast 
flowers, leaves, insects, &c. Tho object—o dead beetle, for example—is first ar 
in @ natural position, and the foet are connected with an oval rim of wax. It 
fixed in the centre of a paper or wooden box by means of picces of fine wire, 60 

| {a perfectly free, and thicker wires are run from the sides of the box to the 
which subsequently servo to form air-channels in the mould by theirremoval. Av 
stick, tapering towards the bottom, is placed upon the back of the insect to pro 
runner for casting. The box is then filled up with a paste of 3 plaster of Paris 
brickdust, made up with a solution of alum and sal-emmoniaoc, It is alao well 1 
brush the object with this paste to prevent the formation of air-bubbles. Aft 
mould thus formed has set, the object is removed from the interior by first reducin 
ashes. It is therefore dried slowly, and finally heated gradually to a red heat, an 
allowod to cool slowly to prevent the formation of flaws or cracks. The ashes are re 
by pouring mercury into the cold mould and shaking it thoroughly before pou 
out, repeating this operation several times. The thicker wires are then draw 
‘and the mould needs simply to be thoroughly heated before it is filled with 
in order that the latter may flow into all portions of it. After it has become colé 
softened and carefully broken away from the casting. 

Casting.—When brass is ready to be poured, the zine on tho surface begins to 
with » lambent flame. When this condition is observed, the large cokes an 
removed from the mouth of the pot, and a long pair of crucible tongs are thrust 
ealde the same to embrace it securely, after which a coupler is dropped upc 
Bandles of the tongs; the pot is now lifted out with both hands and carried 
skimming place, where the loose dross is skimmed off with an iron rod, and the 

tated upon the spill-trough, against or upon which the flasks aro arranged. 

The temperature at which the metal is poured must be proportioned t 

mitude of the work; thus, large, straggling, and thin castings require the m 
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louder, and it will eometimes throw the fluid metal out of the runner in 3 or 4 separate 
epurta; this effect, which mostly spoils the castings, is much the more likely to occar 
with cored works, and with such as are rammed in less judiciously hard, without 
being, like the moulds for fine castings, subsequently well dried. The moulds ar 
generally opened before the castings are cold, and the founder’s duty is ended when be 
has sawn off the ingates or ridges, and filed away the ragged edges where the metal 
has entered the seams of the mould ; small works are additionally cleaned in a rumble, 
or revolving cask, where they soon scrub each other clean. Nearly all small bras 
works are poured vertically, and the runners must be proportioned to the size of the 
castings, thut they may eerve to fill the mould quickly, and supply at the top a mass of 
still fluid metal, to serve asa head or pressure for compressing that which is beneath, to 
increase the density and soundness of the casting. Most lerge worke in brass, and the 
greater part of those in iron, are moulded and poured horizontally. 

‘The casting of figures is the most complex and difficult branch of the founder's art. 
An example of this is found in the moulding of their ornaments in relief. The 
ornament, whatever it may be—a monumental bas-relief, for instance—is first modelled 
in relief, in clay or wax, upon a flat surface. A sand-flask is then placed upon the 
board over the model, and well rammed with sand, which thus takes the impress of the 
model on its lower surfare. A second flask is now laid on the sunken impression, and 
al-o Alled with eand, in order to take the relief impression from it. This is generally 

rmexl the cope or back monld. ‘I'he thickness of the intended cast is then determined 
hy placing an edging of clay around the lower flask, upon which edging the upper one 
Tents, thun kerping the two surfaces at the precise distance from each other that it is 
intended the thickness of the casting shall be. In this process, the metal is economized 
to the greatest possible extent, ns the interior surface, or back of the casting, is an exec 
reprowntation of the relief of the subject, and the whole is thus made as thin in every 
Jart as the strength of the metal permits, Several modifications of the process just 
dewribed ure also made use of, to auit the particular circumstances of the case. What 
Jinn been suid, however, is a detail of the principle pursued in all matters of a similar 
nature, 

Cores,—Following are instructions for a composition for cores that may be required 
for difficult jobs, where it would be extremely expensive to make a core-box for the 
mime: Mukea pattern (of any material that will stand moulding from) like the core 
required, Take a mould from the same in the sand, in the ordinary way, place 
strengthening wires from point to point, centrally; gate and close your flask, Thea 
take @ composition of 2 parts brickdust and 1 of plaster of Paris; mix with water 
and cast, Take it out when set, dry it, and place it in your mould warm, eo that there 
tnay be no cold air in it. 

Making Bronze Figures.—It is a singular fact that melted gold, silver, copper, and 
Iron, if poured bot into a mould, will take an impression of all the details of the 
pattern from which the mould was made, only if the mould is made of sand. Zine 
can be moulded in copper moulds, and that is the principal cause of the low price of 
apelter or zine statuettes, known in the trade as imitation or French bronze. The real 
bronze is an alloy of copper, zine, and tin, the 2 latter metals forming @ very small part 
of the combination, the object of which is the production of a metal harder than the 
Pure copper would be, and consequently more capable of standing the action of time, 
and alo less brittle and soft than zinc alone would be. Let vs follow a statuette 
through the different processes under which it has to pass from the time it leaves the 
hauds of the artist who has modelled it to that when it reaches the shop where it is 
bo sold, 

Tho original statuette is generally finished in plaster. ‘The manufacturer's firt 
oporation is to have it cut in such pieces as will best suit the moulder, the mounter, 
and tho cluser, for very few statuettes are cast all in one picce. Arms and legs wt 
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can be poured in metallic moulds, which will last for ever. In this way the pieces are 
produced with but little more lubour than that required to manufacture leaden bullets. 
These pieces, of course, do not receive the same expensive finish as the real bronze, 
When the casting is taken out of the mould, it goes to the mounter, who trims it off, 
files the base “ true,” prepares the sockets which are to receive the arms or other pieces 
to be mounted, and hands the piece to the chaser. The work of this artisan consists in 
removing from tho surface of the metal such inequalities as the sand mould mey hare 
left, and in finishing the surface of the metal as best suits the piece. The amount of 
work a skilful chaser can Jay out on a piece is unlimited. In some cases the very tex- 
ture of tho skin is reproduced on the surface of the metal. This mode of chasing, 
called in French chairé, and in English “skin-finish,” is, of course, only found on work 
of the best class. Sometimes pieces are finished with slight cross-touches, similar to the 
cross-hatching of engraving. This style of finish, which is much esteemed by connos 
seurs, is named “cross-riffled,” or ribouté. After the chaser has finished his work, the 
piece returns to the mounter, who definitively secures tho elements of the piece in their 
places. 

Tho next process it that of bronzing. The colour known as “ bronze” is that which 
® pieco of that metal would take through the natural process of atmospheric oxidstioa, 
if it were exposed to a dry atmosphere at an even temperature. But the manufacture, 
not being able to wait for the slow action of nature, calls chemistry to his aid, and by 
differont processes produces on the surfuce of the piece a metallic oxide of copper, which, 
according to taste or fashion, varies from black to red, which are the 2 extreme coloum 
of copper oxide. Tho discovery of old bronzes, buried for centuries in damp earth, spd 
covered with verdigris, suggested the colour known as vort antique, which is easily pro- 
duced on new metal by the action of acetic or sulphuric acid. In the 15th century, 
the Florentiue artisans produced a beautiful colour on their bronzes by amoking the 
over a fire of greasy rags and straw. This colour, which is very like that of mahogany, 
is still known us Florentine or smoked bronze. Bronze can also be plated with gold 
and silver, nickel and platinum, like every other metal. 

On this subject, Gornaud says that the manufacturer of art bronzes begins by giving 
the style and general propertions to the artist, who is his first and most important 
assistant. The artist tukes the clay, the model, the style, and arranges it into its varied 
forms; soon the architecturo is designed, the figures become detached, the ornaments 
harmonize, and the idea embodicd in the outline becomes clear, The manufacturer, 
Vefore giving his model to the founder, should indicate with a pencil the parts which 
ought to be thickest, lest some be found too light, without, however, altering the form; 
he should also mark the parts to be cut in the mould to facilitate putting together. Cer 
must be taken to rub with hard modelling wax all the projecting parts which serve 
join the pieces, so that the turner may not want matter. He must carefully verify all 
the pieces separately, and cover with wax the angles and ends of the leavee—in a word 
the weak parts, Generally the model is cast in half-red bronze, in the following pte 
portions (the body of it is harder, and leas easy to work) :— 





Copper... eee 91°60 per cent. 
Zine: ki ai were? 86 sat BBE A gy 
TRIM: case cas. 51 Tem cies, ce) UO" 
Lead. ser Bel EBT Gy 


Objects destined to be gilded require a little more zinc than those of plain bronze. Th 
models just described serve to make the moulds in moulding sand, the moulds being 
ufterwards baked in a stove heated to 572° F. (500° C.). ‘They are fastened horizontally 
with binding ecrews, in order to run in the bronze; the temperature, when cast, vatil 
from 2782° to 3272° F. (1500° to 1800° C.). 7 

The Japanese word corresponding to the English “ bronze” is karakane, which meus 
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said that the design is often produced by a process very similar to that of the so-called 

niello: only instead of the black sulphuretted silver and copper, @ more easily fusible 
alloy is used. Inluidgwork of the above kind is principally made in Kaga and Yeechia, 
at Kanasawa and Takaoko, where the alloy used fur the bronze-casting is mostly 
composed of copper, tin, zinc, and lead. In addition to the castings, the repoused wok 
should be mentioned, by which mostly small metallic ornaments for swords, tobercr 
“Pouches, &c., and also larger picces, such as tea-pote, ecent-burnera, vases, dc, 
are produced; the inlaying of this kind of ware is sometimes of extraordinary 
delicacy and beauty. The dark-blue colour ehown by @ great number of smaller 
picces is that of the shakudo, composed of copper, and 3 und 4 per cent. of gold. 
Finally, attention should be called to the go-called mokw-me, a word which might be 
rendered by “ veins of the wood.” The metal-work designated by this name presentsa 
sort of damask pattern composed of variously-coloured metals, chiefly white silver, red 
copper, and a dark-blue alloy. Pieces of this very difficult sort of workmanship ar 
produced by overlaying and soldcring together a certain number of plates of the said metals 
or alloys, by hammering, kneading, resoldering, filling up the hollow spaces with new 
metal, and repeating these operitions many tiraes; finally, when stretched out intoa thin 
sheet, this composition shows the aforesaid pattern all composed of veins of the different 
inetula that have been made use of. 

Casting en cire perdue.—A very intercating report on bronze-casting in Belgium, 
by Sir J. Savile Lumley, has recently been issued, from which the followiug remarks 
ure abstracted, 

‘The bronze castings mado under the First Empire were from moulds made on plaster 
models by an ingenious method known by the name of ~ moulage a la Francaise,” which 
is now employed in all French bronze foundries ; it has the advantage of being economical, 
expecially for large works, and is generally used in all the foundries of the north of 
Europe ; it resembles in some respects the system practised in iron foundries, and is now 
cmployed even in Italy in. preference to the wax process. 

It must also be remarked that casting “ en cire perdue ” is not suitable for every style 
of sculpture ; work, for inatance, requiring a smooth surface can, and indeed ought tobe, 
cast by the ordinary French system, which produces metal of a closer grain and more 
polished surface, requiring, however, the use of the chasing tool over the whole surfiee 
to efface the marks left by the joints of the picce-mould, and the entire removal of what 
in called “In pean de la fonte,” the casting skin or “epidermis” of the bronze asit 
comes from the mimid, and which, in the wax process, constitutes its peculiar charm, 
reproducing as it does n perfect facsimile of the original work as it left the artist's hands 

‘The ordinary method of casting is more suituble to the bronze articles of commere 
which require reproduction, aa well ag for bronzes intended to be gilt or eilvered and 
burnished. ‘The wax process, on the contrary, is adapted to unique artistic works not 
intended for reproduction ; the casting skin, however, 80 dear to the sculptor, diminishes 
to a certain extent the leanty of the artificial “patina.” or bronzing, which is always 
more brilliant on bronzes that have been worked over with tho file and the graving tel. 
Tho objection manifested by modern bronze founders to adopting the wax process has 
hitherto been that in caso of failure in the casting, the model is completely lost ; bat 
by am-thod adopted by the Brnssels Bronze Co., failure in casting confines the low 
to tho casting itself, and leaves the original model intact and available for a secoed 
attompt. Following is a technical description of the operations carried out by them hit 
bronze-rnsting en cire perdue, 

Supping tho work to be reproduced to be the portrait bust of a man with curly lak 
and a long flowing beard, such a head wonld not be cay tocast by the ordinary proces, 
owing to the difficulty of conveying the liquid bronze into the cavities of the curls and 
the interstices of the beard, but this is easily overcome when the buat is cast by the war 
process, ‘he different operations to be carried out areas follows: (1) The production of | 
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thoroughly acquainted with its difficulties, the workman proceeds to cut off with a twisted 
wire the projecting portions of the beard, und the hair, which, from the cavities of the 
locks and curls, would present difficulties for casting. The parts thus removed sm 
afterwards casily replaced. The bust is now reduced to a very simple instead of the 
complicated form it at first presented. ‘The plaster mould is then made in the ordinuy 
way: the bust being luid on a table, foce upwards, is fixed in that position by lumpsot 
modelling clay so that one-half of the thickness of the bust is completely covered, the 
remaining half presenting the appearance of a figure flouting on its back in water, The 
workman then begins to make the pieces of tho mould: taking the liquid plaster, whieh 
is of the consistency of thick cream, ho forms a cube 2 in. high, and the same length 
and width, which he squares as woon os the plaster begins to harden; with this cubed! 
plaster he covers a first portion of the surface of the Lust; closo to this first cubes 
eccond is formed, and so on until the wholo bust is covered with an irregular mosaic of 
plaster cubes, caro being taken to prevent them from adhoring to each other or to the 
bust by the application of a strong solution of sonp. The surface of these cubes, after 
being well wetted with this solution, is covered over with a very thick coating of plaster, 
which is called the cope, the place of each cube having been previously marked ; the 
first half of tho piece-mould is now complete. The moulder then turns the bust with 
the face down on to the table, fixing it as before, and proceeds to cover the back in the 
same way with cubes of plaster, so that when this second half is also covered withs 
thick plaster cope, a complete mould is formed in 2 halves, The great art of the mouliet 
isto make the piecc-moulds at the same time simple and solid, and fitting so closely 
together as to leave tho Icast possible trace of tho joints on the plaster cast produced 
from it; care must also be tuken that in handling the mould none of the small pieces 
should detach themselves from it. The mould being completed, it is opened, that is to my, 
the 2 plaster copes ure separated, the bust which is intact is taken out, leaving a complete 
mould in which other busts can be cast just as bullets are cast in a bullet-mould. The 
next operation is tho reproduction of a bust in wax, precisely like the original in 
plaster. 

B. Reproduction in wax.—One-half of the piece-mould is placed on the table, that 
is to say, one of tho copes, with all its pieces, and the mould is wetted with water in order 
to prevent the wax from adhering to it; the workman then, with his thumb, presses wax 
into all the hollows of tho mould: this is an operation of considerable delicacy. The wax, 
which must be very pure and malleable, is affected by tho weather, working more essily 
in summer than in wintcr; the most suituble quality for average temperature is composed 
of 1 Ib. of ycllow wa: 2 1b. of mutton fat, 0-1 Ib. of white pitch, melted together and 
coloured a deep red with alkanct. The wax pressed into the mould should be jin 
thick, When all the hollows of the first cope have had wax of the requisite thickness 
pressed into them, the sime process is applied to tlie second cope ; the two copes, on being 
united, form s complete mould ; they are then tied together with strong cords, and the 
joints of the copes are smeared with cluy so that the mould should be watertight. In 
the meantime another description of wax of harder consistency, composed of 1 1b, of 
yellow wax, 1 1b. of resin, and 3 1b. of Venetian turpentine, has been melted in a cauldron 
and allowed to stand on the fire until the froth has subsided. ‘The wax, being ready, is 
loft to cool to 140° or 158° F, (60° or 70° C.), when it is poured into the mould, which 
it fills, and is allowed to remain there for 40 seconds; the liquid wax is then poured out 
of tho mould into a bucket prepared to receive it, On examining the interior it will be 
found that tho soft wax which was pressed into the mould has received throughout a 
coating of strong wax } to } in, in thickness, making an ontire thickness of about } in, 
which will bo the thickness of the bronze when cast. 

C. Formation of the core.—Thecore is tho substance with which is filled the hollow 
left in the mould after the liqnid wax is poured out of it; if the bust were cast in bronse 
without a core, it would come out solid aud weighing 10 or 15 times heavier than ix 
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place, and the-mould when put togethcr again is ready to be used for another wax bast 
when required. 

The bust now appears in wax reproducing exactly the original bust in clay, with the 
exception of the seams from the joints of the mould, which are then removed by the 
artist-sculptor himself, Although wax is neither as easy nor as pleasant @ material te 
work in as modelling-clay, a very short time suffices to enable the sculptor to manipulate 
it with facility, and an oppurtunity is affurded him of giving the finishing touches to his 
work with still greater delicacy than in clay. 

It is at this period that the beard and curls of the hair which were removed before 
making the mould, and which havo been separately reproduced in wax by the sme 
process, aro fixed in their respective positions by iron points which are driven through 
the wax into the solid core and hold tho pieces firmly in their places; the artist the: 
going over the joints with a modelling tool renders them invisible. 

Retouching the wax bust.—The great advantage of reproducing the bust in wax is 
that it enables the artist to work upon it so that the wax bust is not only equal to the 
original in plaster or terra-cotta, but may become even superior to it, for the artist on 
seeing his work ina material of another colour, and after a certain time, may discover 
certuin faults which he can correct in the wax, or if he thinks it necessary he can make 
such alterations as he may consider advisable. 

Preparing the bust before making the casting mould or cope—The bust in wax, 
having been looked over and corrected by the artist, is now placed in the hands of the 
founder, who bezins by building a layer of fire-bricks of the size required fur the object 
thut is to be cast; this layer, fur a bust, may be 3 ft. by 2 ft. 4 in, and 9 iu, in height 
ubove the floor of the atclicr. When ready the wax bust is placed upon it on its pedestal 
of “potiu,” and firnily fixed to the brick layer or base. The next operation is one of 
considerable delicacy, namely, the placing of the runners or channels to enable the 
liquid bronze to flow through and fill up the vacant space left by the melted wax, and 
the vents, which are other channels for the escape of the air and gas driven out of the 
hollow by the force of the liquid metal. 

For a bust the placing of these channels is not difficult, but when o complicated work 
—s group or a large bas-relicf—has to be prepared for casting, the proper position of 
these channels requires considerable study, for if one of them should be badly placed it 
would compromise the success of the casting. 

In order to make a runner for the bust in question, a stick of wax is used 2 ft. long 
with a diameter of 1? in., one end of which is cut or flattened into the shape of the 
mouthpicce of a whistle; the other end is considerably thickened by the addition of wax 
until it has the form of a funnel; it is then bent into the form of a double siphon with 
tho 2 purullel branches considerably lengthened. Having thus prepared the ranner, in 
order to fix it, 3 or 4 thin iron pins are driven, in a straight linc, at a distance from each 
other of 4 in., into one shoulder of the bust, from which they are allowed to project 
about 1 or 1} in.; upon these is pressed the flattened end of tle runner, and the joint 
where it touches the shoulder is then closed with wax, which is melted with a heated 
tool, thus increasing the solidity of the joints. The vent, which is fastened in the same 
way on tho other shoulder, is a simple straight stick of wax, thinner than that of the 
runner, also with the flattened end touching the shoulder. 

If from any cause the runner and the vent are not firm in their positions, another 
iron pin is driven into the top of the head of the bust, and the runner and vent are 
fastened to it with packthread. 

The founder has now before him the bust, surmounted by the runner and the vent 
rising from the shoulders to the summit of the head, like little chinmneys, to the height 
of 6-8 in.; he then proceeds to drive a number of iron pins all over the surface of the 
bust, through the war, into the core, the object of which is to maintain the core in its 
place ; theso pins must project one-half their length from tho surfaco of the bust. 
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After 86 hours’ firing, puffs of blue smoke are sven issuing from the chimneys, This 
shows that the heat is sufficiently intense to cause the evaporatiun of any wax that may 
have remained in the block. After 60 or 70 hours the smoke changes from blue tos 
reddish hue; this shows that tho wax is completely destroyed. The smoke is succeeded 
by a slight watery vapour, and the fire is increased until all moisture has disappeared. 
‘This is ascertained by placing a cold steel plate over the orifice, upon which the slightest 
vapour shows itaclf in the form of a veil or dewlike drops. If at this moment it wore 
possible to look into the centre of thu block, it would be found to be ofa deep red. Whea 
all symptoms of moisture have disappearcd, the fire is covered up, no further fuel is added, 
and the fire gocs out gradually. 

‘The external furnace is pulled down as soon as the bricks have onoled sufficiently to 
enuble the workmen to do so without burning themselves; and in order to hasten the 
cooling of the block some of the bricks forming the cover of the interior furnace are 
algo removed, Later this is also demolished, and the moulding block is allowed to cool, 
In a word, it is necessary 10 proceed graduully for the purpose of cooling as well as fur 
that of firing, sudden changes of temperature being futal, and the success of the operation 
depending in great part on the regularity of the process. : 

Tho firing being now finished, the block has the same appenrance as before, only 
in removing the chimneys tho runner and the vent are found to be replaced by holes 
or channels, whilo another hole will be found at the base in the placo of the wax drain. 
The wax in melting has formed these channels, and has left a hollow space throughout 
the block between the core and the mould. Reference has been made above to the 
use of iron pins pressed into the wax bust. As long as the core, the wax, and the 
mould had not been submitted to the action of the fire they formed a solid masa, bat 
with the melting of the wax tho core has become isolated, and, as it is formed of 
exceedingly friable earth, the least motion might throw it down and break it; this 
inconvenience is avoided by the employment of the pins above referred to, which, 
penctrating through the wax, on the one hand into the core and on the other into the 
mould, render the core immovable even after the disappearance of the wax. 

The casting in bronze.—This is the last operation. The block having become 
sufficiently cool, it is surrounded with iron frames placed one above the other; the space 
between the block and the frames is filled by pressing into it ordinary moulding earth. 
This operation requires the greatest care; its object is to prevent the block from 
bursting when the liquid bronze is poured into it by the pressure of the gas and the 
expansion of the air while the fused metal is flowing through the mould, a comparatively 
small quantity of metal in fusion being capablo of producing effects of increJible force 
which it is difficult to ucconnt for. 

The block being perfectly iron-bound, a basin of iron covered with baked clay and 
pierced with a conical funnel is placed over the ronner and closed with an iron stopper, 
from which projects a long stem. The hole of the basin communicates direetly with 
that of the runner; the opening of the vent is left free, but in front of it a amall basin 
is hollowed out of the block. Everything is now ready for the casting. 

If the bust is calculated to weigh 50 Ib., §0 1b. of bronze are put into the melting- 
pot in order to be certain of having enough metal, and it is necessary to allow for the 
runner, the vent, aud the drain. ‘Ihe bronze which has hitherto given the best results 
is composed as follows :—70 Ib. red copper, 28 Ib. zine, 2 Ib. tin. 

The bronze being sufficiently melted, the crucibles are lifted out of the farnace 
and are emptied into the basin above referred to; a workman ut tho word of command 
takes out the iron stopper, the molten bronze flows into the runner, penetrates into the 
mould, fills up all the hollows, and returns to its level, the surplus metal flowing out 
st the vent into the basin that has been hollowed out of the block to receive it, 
preceded by the air and gas driven out by the entry of the metal. 

If the operation has been made without producing noise, the casting may be cone 
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patterns may be solid, and have to be bedded, as it is termed; picoes on the top may 
be made loose, or fastened on 60 as to “cope off;” patterns may be well finished so 
as to draw clean, or rough 80 that a mould may require a great deal of time to dress up 
after a pattern is removed. 

(8) The soundness of such parts as are to be planed, bored, and turned in finishing. 
Determined mainly by how the patterns are arranged, by which is the top and which 
the bottom or drag side, the manner of drawing, and provisions for avoiding dirt and slag. 

(4) Cores, where used, how vented, how supported in the mould, and how made, 
Cores of irregular form are often more expensive than external moulds, including the 
patterns; the expense of patterns is often greatly reduced, but is sometimes increased, 
by the use of cores, which may be employed to cheapen patterns, add to their durability, 
or ensure sound castings. 

(5) Shrinkage. This is the allowance that has to be made for the contraction of 
castings in cooling, i.e. the difference between the sizes of the pattern and the casting— 
a simple matter apparently, which may be provided for in ullowing a certain amount of 
shrinkage in all directions; but when the inequalities of shrinkage both as to time and 
degree are taken into account, the allowance to be made becomes a problem of no little 
complication. 

(6) Inherent, or cooling strains. They may either spring and warp castings, or 
weaken them by maintained :ension in‘certain parts—a condition that often requires s 
disposition of the metal quit: different from what working strains demand. 

(7) Draught. The bevel or inclination on the sides of patterns, to allow them to be 
withdrawn from the moulds without dragging or breaking the sand. 

For most ordinary purposes, patterns aro made of wood; but in very heavy parts of 
machinery, such as pulleys and gear wheels, iron patterns are preferable. As there 
muat be always a proportion of loose sand and “scraff” in a casting, it is important to 
arrango the pattern so that this part shall come in the least disadvantageous position. 
‘Thus the top of a mould or “cope” contains the dirt, while the bottom or “drag side” 
is generally clean and soznd: the rule ix to arrange patterns eo that the surfaces to 
be finishtd will come on the drag side. Expedients to avoid dirt in such castings as 
aro to be finished all over, or on 2 sides, are various. Careful moulding and washing, 
to remove loose sand, is the first requisite; sinking heads, that rise above the moulds, 
‘arc commonly employed when castings are of a form which allows the dirt to collect at 
one point. ‘The quality of castings is governed by many other conditions, such as the 
manner of “ gating” or flowing the metal into the moulda, the tcmperature and quality 
of the iron, the temperature and chararter of the mould. 

Cores ure employed maiuly for the displacement of metal in moulds: they may 
be of green sind, and made to surround the exterior of a piece, as well as to make 
perforations or to form recesses within it. The term “ore,” in its teclinical sense, 
means dried moulds, as distinguished from green sand: thus, wheels or other castings 
are said to be “cust in corcs” when the moulds are made in pieces and dried. Sup- 
porting and venting cores, and their expansion, are conditions to which especial attention 
is needed. When a core is surrounded with hot metal, it gives off, because of moisture 
‘and the burning of the “ wash,” a large amount of gas which must have free means of 
escape. In the arrangement of cores, therefore, attention must be had to some means of 
venting, which is gencrally attained by allowing them to project through the sides of 
tho mould and communicate with the air outside. The venting of moulds is even more 
important than venting cores, becauso core vents only carry off gas generated within 
the core itself, while the gas from its exterior surface, and from the whole mould, has 
to find means of escaping rapidly from the flasks when the hot metal enters. If it were 
not for the porous nature of sand moulds, they would be blown to pieces as soon ss the 
bot motal entered them ; both because of the mechanical expansion of the gas, and oftea 
from explosion by combustion. But for securing vent for gas, moulds could be mad@ 
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The ironfounders’ pot is illustrated in Fig. 6, and consists of an iron pot supported 
by a handle which is single at one end and double at the other. In very small 
operations this may be replaced by an iron ladle. 

Very small articles can be cast in moulds made of stone, brick, or iron, the interior 
surfaces being first coated with a “facing” of soot, by holding over a smoky flame, to 
prevent adhesion of the metal when poured in. But for general casting operations, 
recourse is,had to sand packed 
into “ flasks” or “boxes” sur- La 
rounding the pattern. ‘The flask 
resembles a box, without top or 
bottom, and made in 2 actions, 

80 that the top half may be lifted 
away from the bottom half, or 
joined to it by bolts to form the 
whole. Fig. 7 illustrates the upper “sido” of a flask, in which a is a handle, b are the 
holes by which the metal is poured in, and c are lugs carrying pins which pass through 
corresponding holes in similar lugs on the bottom side. The pattern being placed in» 
flask of suitakle size, the space intervening on all sidea between the pattern and the 
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flask is packed in with sand, which, to be of suitable quality, must retain « ball shape 
on being squeezed in the hand, and exhibit an impression of the lines and inequalities 
of tho skin surface that pressed it. The finest quality of sand is placed next the patter, 
and the surface of the latter is dusted with dry “parting sand,” to prevent adhesion. 
The packing of the sand is performed by the aid of a moulding-trowel (Fig. 8), which 
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consists of a thin steel blade in a wooden handle; © moulding-wire (Fig. 9), useful © 
amoothing corners and removing dirt from the mould; and a stamper (Fig. 10) of 
“-atle of hard wood or iron. Runner sticks of smooth tapering form are inserted in the 

Yea b of the fiask, to make feediug ways for the metal. When the impress of the 
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This is attributed to the manner in which the crystals composing the iron arrange 
themselves in cooling. They place themsclves at right angles to the surfaces forming 
the corner, so that between the two sets of crratale there is a diagonal line of weaknes. 
All angles, therefore, both external and internal, should be rounded off. There should 
be no great or abrupt differences in the bulk uf the adjacent parta of the same casting, 
or the smaller portions will cool and contract more quickly than tho larger parts. When 
the different parts of the casting cool at different times, each aots upon the other. The 
parts which cool first resist the contraction of the others, while those which contract last 
compress tho portions already cool. Thus tho casting is under stress before it is called 
upon to bear any load. The amount of this stress cunnot be calculated, and it is there- 
fore a source of danger in using the casting. In some cases it is oo great as to fracture 
the casting before it is loaded at all. The internal stress, produced by unequal cooling 
in the different parts of o casting, sometimes causcs it to break up spontaneously several 
days after it has been run. Castings should be covered up and allowed to cool as slowly 
as possible; they should remain in the eand until cool. If they are removed from the 
mould in a red-hot state, the metal is liable to injury from too rapid and irregular 
cooling. The uncqual cooling and consequent injury, caused by great and sudden 
differences in the thickness of parts of a casting, are sometimes avoided by uncovering 
the thick parts so that they may cool more quickly, or by cooling them with water. It 
is generally thought that molten cast-iron expands slightly just at the moment when it 
becomes solid, which causes it to force itself tightly into all the corners of the mould, 
and take a sharp impression. This, however, has been disputed. Superior castings 
should never be run direct from the furnace. The iron should be remelted in a cupula, 
This is called “cond melting ;” it greatly improves the iron, and gives an opportunity 
for mixing differeut descriptions which ianprove one another. Castings required to be 
tured or bored, and found to be too hard, are softened by being heated for several hours 
in sand, or in e mixture of coal-dust and bone-azh, and then allowed to oool lowly. 

Examination of Castings.—In examining castings, with a view to ascertaining their 
quality and soundness, several points should beattended to, The edges should be struck 
with a light hammer. If the blow mako a elight impression, the iron ia probally of 
good quality, provided it be uniform throughout. If fragments fly off and no sensible 
indentation be made, the iron is hard and brittle. Air bubbles are a common and 
dungerous souree of weakness. They should be searched fur by tapping the surface of 
the casting all over with the hammer. Bulbles, or flaws, filled in with sand from the 
mould, or purposely stopped with loam, cause a dulnexs in the sound which leads to 
their detection. Tho metal of a casting should be free from scuris, bubbles, core nails, 
or flaws of any kind. The exterior surface should be smooth and clear. The edges of 
the casting should be sharp and perfect. An uneven or wavy surface indicates unequal 
shrinkage, caused by want of uniformity in the texturo of the iron. The surface of & 
fracture examined before it lias become rusty should preacnt a finc-grained texture, of «2 
uniform bluish-grey colour and high metallic lustre. Cast-iron pipes should be straight, 
true in section, square on the ends and in the sockets, the metal of equal thicknes 
throughout. ‘They should bo proved under o hydraulic pressure of 4 or 5 times the 
working head. The sockets of amall pipes should be especially examined, to gee if they 
are free from hon-ycomb, ‘The core nails ure sometimes left in and hammered up. 
They are, however, objectionuble, as they ronder the pipe liable to break at the points 
where they occur. 

As there is an endless varicty of patterns from which moulds are made, it will be 
necessary to divide them into light and Leavy work. Stove castings are very light, Ia 
the moulding of such work, much depends upon the quality of sand used; the moulder’ 
heap should Le composed of no more than § loam, the other $ being e very open sand. 
This makes a good utrong mixture, which will not allow the sharp corners and fine 
ornamental work to be washed away when the molten iron is poured intothe mould. In 
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All men connected with this branch of the trade have heard that sharp report which 
immediately follows the pouring of a large piece, and which is caused by the confined 
gas in tho lower end of a large vent, there being no draught to drive it oat. Where 
facing is used, much more care is needed in venting. In the making of large palleys 
and gear-wheels, too much care cannot be taken in this particular. Not so muck 
depends upon the ramming of such work as upon the venting for the proper exit of the 
gas from'the sand in the immediate vicinity of the mould; for if the mould has bees 
rammed harder than there was any necessity for, and the venting has been property 
looked after, thero is not much danger of the casting being a poor one. Such work 
should invuriably be run from the hub or centre, with sufficient risers, arranged es 
above described. This branch of the trade is called green-sand work, and it involves s 
large part of the art of ramming. 

Shrinkage of Iron Castings —The chief troublo with iron castings is their liability to 
have internal strains put upon them in cooling, in consequence of their shrinking, The 
amount of this shrinkage varies with the quality of the metal, and with the size of the 
casting and its comparative thickness. Thus locomotive cylinders shrink only about 
str in. per ft. (1-192 = +0052), whilo heavy pipe castings and girders shrink 7 in. pet 
ft. (1-120 = -0083), or even 2 in. per ft. (I-95 = -0104), While small wheels shrink 
only py in. per ft. (1-300 = -0033), large and heavy ones contract y, in. per ft 
(1-120 = *0083). The “ shrink-rule” is employed by pattern-makers to relieve them 
of the Inbour of caleulating these excesses, the scales being graduated to inches, &, 
which are “0052, -0083, &c., too long. Now, if thick metal proportionately shrioks 
more thun thin, we must expect any casting not absolutely symmetrical in every diree 
tion to change its form or proportion, A cubic or spheric mould yields a cube ors 
sphere as a casting; but a mould, say of the proportions of 100 x 5 x 1, shrinking 
differently accurding to dimonsions, gives # casting not only legs in size but in somewhat 
different proportion, In many cases we still find them strained and twisted. Tho 
parts which cool first get their final proportions, and the later cooling portions strain the 
earlier, the resistance of which to defor- 
mation puts strains on those cooling, 
‘This initial strain may of itself break 
the casting, and, if not, will weaken it. 
Castings of excessive or varying thick- 
nesa, and of complicated form, are most 
in danger from internal strain. This 
strain is gradually Icasened in time by 
the molecules “ giving.” In a casting 
such as a (Fig. 11), saya thick press 
cylinder, the outer layers solidify and 
shrink first, and as the inner layers 
contract after the outer ones have “ set,” 
there is compression of the outer layers 
and tension of the inner. Such a 
cylinder will, if subjected to internal 
pressure, bo weak, because thero is 
already in the inner layers a force 
tending toexpand them. The cylinder 
would bo stronger if these layers wero braced to resist extension, or, in other words 
were already in compression. If we cool the interior first, by artiticial means, while 
delaying the cooling of the exterior layers, we have these layers braced to receiv 
gradual or sudden pressure, and this ia especially desirable in cannon, In a pand 
like }, with a thin but rigid flange, the diagonals shrink more slowly than the rim, 
wnd a crack is likely to appear. A casting like that in o would solidify on the thin 
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neck is about to freeze up. When you do put it in, do not ram it down suddenly 
80 as to cause a pressure on the contracting shell, which would be liable to crack it 
When feeding, work the rod slowly. It is better to make the chills as hot as possible 
by heating them in the oven, as the iron will lie closer and make a smoother casting 
against a hot chill than when poured against a cold oue. By having the mould ded 
level, the pressure will be equal all around. Whenever there ia a check or crack, yeu 
may depend thut it is caused by unequal pressure of the confined liquid metal against 
the contracting shell. 

FORGING AND FINISHING.—These terms are defined by Richards, ia 
his ‘ Workshop Manipulation,’ in the following words: “Forging relates to abaping 
metal by compression or blows when it is in a heated or softened condition; asa 
Process it is an intermediate ono between casting and what may be called the cold 
processes. Forging also relates to welding or joining pieces together by sudden 
heating that melts the surfuce only, and then by forcing the pieces together while in 
this softened or semi-fused state, Forging includes, in ordinary practice, the preparation 
of cutting tvols, and tempering them to various degrees of hardness as the usture of 
the work for which they are intended may require ; also the construction of furnaces 
for heating tho material, and wechunical devices for handling it when hot, with the 
various operations for shaping. Finishing and fitting relate to giving truc and accurate 
dimensions to tho parts of machinery that come in contact with each other and are 
joined together or move upon each other, and consist iu cutting away the surplus material 
which has to be left in founding and forging because of the heuted and expanded 
condition in which the material is treated in these last processes. In finishing, material 
is operated upon at its normal temperature, in which condition it can be handled, 
gauged, or measured, and will retain its shape after it is fitted. Finishing compre 
hends all operations of cutting and abrading, such as turning, -boring, planing, and 
grinding, also the handling of material; it is considered the leading department in 
shop manipulation, because it is the one where the work constructed is organized and 
Urought together. Tho fitting shop is also that department to which drawings 
expecially apply, and other preparatory operations are usually made subservient to the 
fitting processes, A peculiarity of forging is that it is a kind of hand process, where 
the judgment must continually direct the operations, one blow determining the next, 
and while pieces forged may be duplicates, there is a lack of uniformity in the manner 
of producing them, Pieces may be shupcd at a white welding heat or at a low red 
heat, by one or two strong blows or hy a dozen lighter blows, the whole being governed 
by the circumstances of the work as it progresses. A smith may not throughout 
whole day repeat an operation precisely in the sume manner, nor can he, at the beginning 
of un operation, tell the length of timo required to execute it, nor even the precise 
manner in which he will perform it. Such conditions are peculiar, and apply to forging 
alone.” 

The technical phrases employed in forging are thus explained by Cameroa 
Knight :— 

To “make up a stock."—Tho “stock” is that mass of coal or coke which is 
situated between tho fire and the cast-iron plato, through the opening in which the 
wind or blast is foreed. The size and shape of this stock depend upon the dimensions 
aud shape of the work to be produced. To make up a stock is to place the coal ia 
proper position around the taper-ended rod, which is named a“ plug.” ‘The taper ead 
of the plug is puched into the opening from which comes the blast; the other end of 
tho plug is then laid across the hearth or fireplace, after which the wet small coal is 
thoroughly buttered over the plug while it remains in the opening, and the eval piled 
up till the required height and width of the stock is reached ; after which the plug is 
tuken out and the fire made, the blast in the meantime freely traversing the opening 
aundy in the stock by the plug. 
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Forges or earths These oro mado in a great variety of form and size, sms 
obtaining tlie necessary blast hy means of bellows, others by rotary fans or bloven; 
some with a single and others with a donble blast; some with, others without hoods; 
according to the work they are destined for. Fig. 12 illustrates a “ cyclops” circalit 
forge, with a pan 20 in. across, weighing altogether 106 Ib., 
and costing 90s.; this sizo is only suited for riveting. The 12 
Dlast is produced by a small rotary blower. ‘The square 
form of pan, 34 in. by 20 in. will heat 2-in, round iron, 
weighs 2 ewt., and cnsts 140s. Fig. 13 is a portable forge, 
the pan consisting of x box made with thin iron plates, 
19 in, square and 9 in, high when closd, as shown at 
B, and capable of containing ull the tools uecompanying the 
forge, as woll us the bellows and legs. This forge is 
inaile by Schaller, of Vieuna, and is much used in the 
‘Austrian army. In large forges the tuyere pipe feeding the 
Dlast to the fire ig rendered more durable by the constant 
application of a «tream of cold water. 

Anvile,—An auvil is an iron block, usually with a slecl 
face, upon which metal is hammered and shaped. ‘The ' 
onlinary smith's anvil, Figs. 14 and 15, is one solid mass of metal,—iron, in different 
status; C is thu coro or body; B, 4 comers for enlarging the base; D, Fig. 14, tht 
projecting end; it contains one or two holes for tho reception of act chisels in cutting 







Dye: 











Picces of iron, or for the reception of o shaper, as shown at E, Fig. 15, In punching 
ilnt pieces of metal, in forming the heads of nails or bolts, and in numerous other cases, 
theso holes @ of ordinary anvils are not only useful but indispensable. The beak 
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Yorn A is used for turning pieces of iron into a circular or ourved form, welding 
‘nope, and for other similar operations. In the smithery, the anvil is generally 
wated on the root end of a beech or oak tree; the anvil and wooden block must 
\wfirmly connected, to render the blows of the hammer effective; and if the block be 





%t firmly connected to the earth, the blows of the hammer will not tell. The best 
‘avi, anvil-stakes, and plunishing hammers are faced with double shear-steel. The 
‘tel facings are shaped and laid on a coro at a welding heat, and the anvil is completed by 
‘hing reheated and hammered. 
When the steel-tacing is first 
tpplied, it is leas heated than 
the core, But the propr 
lunkeniug of the face of tho 
tavil requires great skill; the 
face must be raised to a full 
ned-heat, and placed under # 
descending column of water, 50 
that the surface of the face may 
continue in contact with the 
successive supply of thequench- 
ing fluid, which at the face 
Tetains the same temperature, 
as it is rapidly supplied, The 
rapidity of the flow of water may bo increased by giving a sufficient height to its 
descending column ; it is important that the cooling stream should fall perpendicularly 
to the fuce which is being hardened. Heat may escape parullel to the face, but not in 
the direction of the falling water. 
[he operator, during this hardening 
srocess, is protected from spray and 
anoke by a suitable cover, and by 
oafining the falling water toa tube 
which must contain the required 
‘olame. When an savil is to be 
wed for planishing metals, it is 
wlished with emery and crocus 
vowders. It is better to be too 
\eavy than too light, and may 
ange from 2 to 5 owt., according to the work to be done on it. On being tapped with 
. hammer, it should give out clear ringing note. It is generally used with the tail 
square) end towards the right hand, and the horn (beak iron) towards the left, 
Vices and Tongs.—Of vices there is s great variety; Fig. 16 is a typical example 
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of a malleable iron parallel vice. Fig. 17 iso useful little combined anvil and vice, fice 
10 in. by 4, 4-in. jaw, weight 40 Ib., costing 22s. 6d. Tongs are usually home-made, 
and will be described further on. 

Hammers.—Upon the principles underlying the shapes, sizes, and uses of hammers, 
much will be found under tho heading of Carpentry. .A few representative forms of 
hammer head are shown in Figs. 18, 19; a to d are used by engineers and mechanics, 


ERX 


¢ to k by boiler-makers, whilo / is a sledge hammer, All but / are hand-hammers. They 
differ mainly in the form of the pane, tle head remaining pretty much the sme; aise 
cross pane, 6 a straight panc, ¢ a ball panc, and soon, Hand-hummers mostly mngs 
between 1 and 4 Ib. in weight; chipping hammers, §-1} Ib.; riveting hammers, }-21b; 
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sledge hammers not exceoding 8 Ib. in weight are “uphanded,” i.e. only raised to ® 
littlo above the shoulder, while the heavier ones (8-16 1b.) are “swung” ina complete 
circle. The machinists’ hammer is made heavier at the face than at the pane end, | 
thet the hammer will naturally sasume a position in the hond with the face downwanlt, | 
thus relieving the workman from the necessity of specially forcing it into that positioa. | 


In using « hammer it is essential to study the difference betwecn a sharp blow withs 
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The holding angle at ¢, in Fig. 24, is about right for brass, and that at d is aboot 
right for steel. The difference is that with hard metal the more acute angle dulls too 
quickly. 

Considering the length of the cutting, it may for heavy chipping be made straight, 
as in Fig. 20, or curved, as in Fig. 22, which is the best, because the corners are relieved 
of duty and are therefore less liable to break. The advantage of the curve is greatest 
in fine chipping, because, as seen in Fig. 25, a thin chip can be taken without entting 
with the corners, and these corners are exposed to the eye in keeping the chisel adge 
level with the work surface. | 

In any case you must not grind the chisel hollow in its length, as in Fig. 26, or 1 
shown exaggerated in Fig. 27, because in that case the corners will dig in and caus the 
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chisel to be beyond control ; besides that, there will be a furce that, acting on the welze 
principle and in the direction of the arrows, will operate to spread the corners an! 


break them off. 
Do not grind the facets wider on one side than on the other of the chisel, as in Fig. 28, 


because in that case the flat of the chisel will form no guide to let you know whet 


30. 31. 





the cutting edge is level with the work surface. Nor must you grind it out of squir 
with the chisel body, as in Fig, 29, because in that case the chisel will be apt te jomp 
sideways at cach hammer blow. 

‘A quantity of metal can be removed quicker by using the cape chisel in Fig. 30, te 
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is o mistake to move it at each blow, as many do, because it cannot be so accurately 
maintained at the proper height. Light and quick blows are always necessary for the 
finishing cuts, whatever the kind of metal may be. 

With the side chisel there must be a bevel made at the end in order to enable the 
depth of cnt to be adjusted and governed, for if you happened to get the straight chise! 
too deeply into ita cut, you cannot alter it, and unless you begin « new cut it will 
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get embedded deeper, and will finally break. But with this side chisel (Fig. 37) that 
is slightly bevelled, you can regulate the depth of cut, making it leas if it gets to 
deep, or deeper if it gets too shallow. 

‘The chisel that is driven by hammer Llows may be said to be to some extent s 
connecting link between the hammer and the cutting tool, the main difference being 
that the chisel moves to the work while the work generally moves to the cutting tod. 
In many stone-dressing tools the chisel and hammer are combined, inasmuch as that 
the end of the hammer is chisel shaped, an example of this kind of tool being given ia 
the pick that flour millers use to dress their grinding stones. On the other hand, we 
may show the conneetion between tho chisel and the cutting tool by the fact that the 
wood-worker uses the chiscl by driving it with a mallet, and also by using it for s 
cutting tool for work driven in the lathe. Indecd, wo may tuke one of these carpenten’ 
chisels, ond fusten it to the revolving shaft of e wood-planing machine, and it becomes 
a planing-knife; or we may put it into o carpenters’ hand plane, and by putting to the 
work it becomes a plane blade. In cach case it is simply a wedge whose end is msde 
more or leas acute so as to make it as sharp as possible, while still retaining strength 
enough to sever the material it ia to operate upon. 

In whatever form wo may apply this wedge, thero are certain well-defined mecha 
nical principles that govern its use. Thus, when wo employ it as a hand tool its 
direction of motion under hammer blows is governed by the inclination of that of its 
faces which meets the strongest side of the work, while it is the weakest side of the 
material that moves the most to admit the wedge, and, therefore, becomes the chip, 
outting, or shaving. In Fig. 88, for example, we have the carpenters’ chisel operating 
ataand b to cut out a recess or mortice, and it is seen that 20 long as the face of the 
chisel that is next to the work is placed level with the straight surface of the work, the 
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or sinking holes in solid material, while “ boring ” is confined to turning out annulur holes 
to true dimensions, Theve allied processes are thus succinctly explained by Richards in 
his excellent manual on ‘Workshop Manipulation.’ In boring, tools are guided by 
axial support independent of the bearing of their edges on the material; while in 
drilling, the cutting edges are guided and supported mainly from their contact with and 
bearing on the materin] drilled. Owing to this difference in the manner of guiding 
and supporting the eutting edges, and the advantages of an axial support for tools in 
boring, it becomes an operation by which the most accurate dimensions are attainable, 
while drilling is a comparatively imperfect operation; yet the ordinary conditions of 
machine fitting are such that nearly all small holes can be drilled with sufficient 
accuracy. 

Boring may be called internal turning, differing from extornal turning, because of 
the tools performing the cutting movement, and in the cut being made on concare 
instead of convex surfaces; otherwise there is a close anslogy between the operations 
of turning and boring. Buring is to some extent performed on lathes, either with 
boring bars or by what is termed chuck-boring; in the latter, the materi] is revolved 
aud the tools are stationary. Boring may be divided into three operations as follows: 
chuck-boring on lathes; bar-boring when a boring bar runs on points or centres, and is 
supported at tho ends only; and bar-boring when a bar is supported in aud fed through 
fixed bearings. The principles aro different in these operations, cach being upplicable 
to certain kinds of work, A workman who can distinguish between these plans 
of boring, can always determine from the nature of a certain work which is the bet 
to adopt, has acquired considerable knowledge of fitting operations. Chuck-boring is 
employed in threo cases: for holes of shallow depth, taper holes, and holes that are 
sciew-threaded. As pieces nro overhung in lathe-boring, there is not aufficient rigi 
vither of the lathe spindle or of the tools, to admit of deep boring. The tools being 
guidal in  straizht line, and capable of acting at any angle to the axis of rotation, the 
fucilities for making tapered holes are complete; and as the holes are stationary, and my 
Le instantly adjusted, the same conditions answer for cutting internal ecrew-threads; sn 
operation corresponding to cutting external screws, except that the cross motions of the 
tool slide are reversed. The second plan of boring by means of a bar mounted «n 
points or centrcs is one by which the greatest accuracy is attainable; it is, like chuck- 
Doring, a lathe operation, and one for which no better machine than a lathe bas been 
devised, at least for the smaller kinds of work. It is a problem whether in ordinary 
inuchine fitting there is not a guin by performing all boring in this manner, whenever 
the rigidity of boring bars is sufficient without auxiliary supports, and when the bars 
ean pass through the work. Machinos arrunged for this kind of boring can be 
employed in turning or boring as occasion may require. When a tool is guided by 

* turning on points, the movement is perfect, and the straightness or parallelism of holes 
bored in this manner is dependent only on the truth of the carriage movement. This 
plan of boring is employed for small steam cylinders, cylindrical valve seats, and in 
cases where accuracy is essential. The third plan of boring with bare resting in 
Dearings is more extensively practised, and hus the largest rauge of adaptation. A 
feature of this plan of boring is that the form of the boring bar, or any imperfeotion 
in its bearings, is communicated to the work ; a want of straightness in the bar makes 
tapering holes. This, of course, applies to cases where a bar is fed through fixed 
bearings placed at one or both ends of a hole to be bored. If a boring bar is bent, of 
out of truth between its bearings, the diameter of the hole (being governed by the 
extreme sweep of the cutters) is untrue to the same extent, because as the cutters move 
along and come nearer to the bearings, the bar runs with more truth, forming a tapering 
hole diminishing toward the rests or bearings, The same rule applies to snme extent 
in chuck-boring, the form of the lathe epindle being communicated to holes bored ; but 
lathe spindles are presumed to be quite perfect oompared with boring bars, 
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all others in working capacity. In grinding an ordinary drill (a) ready for use, it is 
essential to see that the cutting edges ure at right angles to each other, the outside faces 
of the blude slightly rounded, and the point ss small and fine as the work will allow. 
If these conditions are neglected, the point will not maintain a central position, and 
there will not be convenient space for the escape of the chips. In pin drills it is abso 
lutely necessary to have the first hole for the pin quite straight, and fitting 80 well that 
the pin cannot shake, or the work will be irregular; these drills are not easy to aharpen 
when worn. The Morse twist drills can be obtained in sets of standard sizes, 

All forms of drill are applied by the aid of a rotary motion, which may be commun 
cated by the ratchet brace, of which several forms are shown: Fig. 43 is a universal 





ball; Fig. 44, a sclf-feeding ; Fig. 45, a treble-motion; and Fig. 46, Calvert's mtche 


igs. 47 to 49 are drill stocks of various kinds, differing mainly in the means 
by which suitable preasure is secured. 








Swaging Tools—Figs. 50, 51, illustrate a couple of forms of ewaging block, which 
aro often useful for shaping a picce of hot metal quickly and truly. 

Surfacing Tools.—By far the most important tool used in perfecting the surface of fused 
or cast work is the file. It is sometimes replaced by emery, either in the form of wheels 
or as powder attached to cloth; and is often supplemented in fine work by one of the 
various kinds of polishing powder, e.g, chalk, croous, putty powder, tripoli, sand, &s. 

It has been remarked that the most important point to be decided before commencing 
filing is the fixing the vice to the correct height and perfectly square, eo that when the 
work to be operated on is placed in the vice it will lie level. As to what is really the 
correct height some slight difference of opinion exists, but the height which is generally 
thought right is such that the “ chops” or jaws of the vice come just below the elbow of the 
workman when he is at his place in front of the vice. Having the vice fixed properly, 
the correct position to ussume when filing is the next consideration. The left foot should 
be about 6 in. to left and 6 in. to “front” of the vice leg; the right foot being aboot 
80 in. to front, that is to say, 30 in, away from the board in a straight line with the vicg 
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Post. This position gives command over the tool, and is at once characteristic of a good 
‘workman, 

The file must be grasped firmly in the right hand by the handle, and it is as well 
bem to make a few parenthetical remarks on handles; they should always be propor- 








tonate fo the files to which they aro fitted, and the hole in the Landlo should be 
Prperly squared out to fit the “tang” by means of a small “ float” made from a small 
lwrofskel, similar to those used by plane-makers and cabinet-makers. ‘Tho handles 

always have good strong ferrules on thom, and the files should be drivon home 


50, 





{Rite straight and firm, so that there is no chance of the tool coming out. Each tool 
thold have its handle permanently fixed; it is very false economy, considering the 
Pico of handles is about 9d. per dozen, to be continually changing. The left hand 
‘ut just hold the point of the file lightly, so as to guide it; and in taking the forward 
‘&t a fairly heavy pressure must be applied, proportionate to the size of the tool in use 
{2d the work being done. Amatezps who have never received any practical instruction 
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in tho use of files generally bave a bad habit of pressing heavily on the tool continuowly 
during both forward and backward stroke, and at the same time work far too quickly, 
‘These habits combined will almost invariably spoil whatever is operated on, producing 
surfaces more or less roundiug, but never flat. 

Tho art of filing a flat surface is not to be learned without considerable practice, and 
long and attentive practice is necessary ere the novice will be able to creditably accom- 
plish one of the most difficult operations which fall to every-day engineering work, and 
one which even the most professionally taught workman does not always sueceed in. The 
file must be used with long, slow, and steady strokes, tuken rizht from point to tang, 
moderate pressure being brought to bear during the forward stroke; but the file must be 
relieved of all pressure during the return stroke, otherwise the teeth will be liable to be 


broken off, just in the same manner thut the point of a turning tool would be broken if" 


the lathe wore turned the wrong way. It is not necessary to lift the file altogether off 
the work, but it should only have its baro weight preasing during the back stroke. One 
of the chief difficulties in filing flat is that the arms have a tendency to move in ares 
from the joints, but this will be conquered by practice. * 

‘A picce of work which has been filed up properly will present a flat, even surface, 
with the file marks running in straight parallel lines from side to side. Each stroke of 
the file wiil have beon made to obtain a like end, whereas work which has been turned 
out by a careless or inoxpericnecd workman will often bear evidence that each stroke of 
tho file was mado with utter disregard to all others, and the surface will be made up of 
an unlimited number of facets, varying in size, shape, and position. 

‘There is considerable skill required to “ get up” surfaces of large area by means 
of files alone, more especially when these surfaces are required to be accurately fist 
‘Tho method of preparing surface plates, as detailed by Sir Joseph Whitworth, is 
most valuable information to any one desirous of excelling in this particular branch 
of practical handicraft, and those interested should get Whitworth’s pamphlet entitled 
«Plane Metallic Surfaces, and the Proper Mode of Preparing Them.’ In large engi- 
neering works, filing is superseded by the planing and shaping machines fur almost all 
work of any size, The speed and accuracy of the planing machine cannot be spprosched 
hy the file when there is any quantity of material to be removed, and files are only 
used for tho purpose of “ fitting” and to smooth up those parts which are inaccessible 
to the planing tool. However, a planing machine is one of those expensive and heary 
pieces of machinery usually beyond tho reach of amateurs and “amall masters”; it 
therefore becomos necessary to learn how to dispense with its valuable aid. 

Cast iron usually forms tho bulk of the material used by engineers. The hard out- 
side skin on cast iron, and tho sand adhering to its surface, make it somewhat formidable 
toaltuck. If a new file is used for the purpose it will be assuredly spoiled and with 
no gain; for one which has been very nearly worn out will bo almost as effective, 
and will not be much deteriorated by the uso to which it is put. There are sever! 
ways of removing the “bark” —e. g. the custings may be “ pickled ”—that ie, immersed 
in a bath of sulphuric acid and water for s couplo of days; this will dissolyé the 
outer crust of the casting, and liberato the sand adhering to the surface ; another 
plan is to remove a stratum of the casting from that part which has to be filed, by 
means of a chipping chisel, and this is a very good plan where much material has 
to be removed from any particular part of a large, unwieldy piece of machinery, 
though some practice will be required with the hammer and chisel before they can be 
used satisfactorily. 

The beat plan to follow is probably this:—First brush the casting thoroughly— 
ecrub it—with a hurd brush ; this will rub off the loose eand ; then take an old file,and 
file away steadily at the skin till you come to a surface of pure metal, Having by this 
time removed those parts which spoil files, the “old filo,” with which but slow progress 
iy made, can be changed for a better one, and the best, as well a8 te most economical, 
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such as on the outside of pipes or rods,and in the holes cut in solid work, for the 
purpose of making screwed joints, Figs. 52-63 show a double-handed screw stock 
with 4 pairs of dios, and 4 each of taper and plug taps; Fig. 64 is a clock screw plate; 
Fig, 65, a double-handed sorew plate with taps; Fig, 66, Whitworth’s screw stock, 


RIES 


Fig. 67 illustrates the contro gauge for grinding and sotting screw tools, and the 
various ways of using it, Ata is shown the manner of gauging the angle to which 
Inthe contro should be turned; at 6 the angle to which a screw thread cutting tod 


53, Bt 55. 
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should be ground; at ¢ tho correctness of the angle of a screw thread alveady cut, At 
4, the shaft with a scrow threal is supposed to be held in the centres of # lathe, and by 
applying the gaugo, as at dor ¢ the thread tool can be sct at sight angles to the ebefi 





and then fastened in place by the screw in tool ‘post, thereby avoiding imperfect or 
leaning threads. At fg the manner of wolting the tool for cutting inside throeds is 
lustrated, “Tho angle sed in this gaugo ig {5°, Tho 4 divisions upon the gauge of 
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other words, that the fibres near the surface should lie in layers parallel to the surlids 
If wrought iron be “ burnt,” i. e. raived to too high a temperatare, its tensile strength 
and ductility are both seriouly reduced. These qualities may, however, be to a great 
extent restored by carefully reheating and rerolling the iron, Forging stecl requires still 
more care in order to avoid overheating. Each variety of steel differs as to the heat to 
which it can safely be raised. Shear steel will stand a white heat; blister sted s 
modenite heat; cast steel a bright red heat. 

Welding.—This is the process by which 2 pieces of metal are joined together with 
the aid of hext. There aro several furms of * weld.” The principles upon which the 
welding of metals depends are here given. In welding generally, the surfaces of the 
pieces to be joined, huving becn shaprd as required for the particular form of weld, are 
raised to a high temperature, and covered with a flux to prevent oxidation. They ar 
then brought into intimate contact and well hainmered, by which they are reduced t» 
their original dimensions, the acale and flux are driven out, and the atrength of the iroa 
is improved. 

Wrought iron.—The property of welding possessed by wrought iron is due to its 
continuing soft and more or less pasty through a considerable range of temperatan 
below ita melting point. When at a white heat, it is ao pasty that if 2 pieces be fimly 
pressed together und freed from oxide or other impurity they unite intimutely and firmly. 
The flux used to remove the oxide is generally sand, sometimes salt. 

St.el—The facility with which steel muy be welded to steel diminishes as the met 
approximates to cast iron with respect to the proportion of carbon ; or, what amouuts te 
the same thing, it inereases as the metal approximutes to wrought iron with respect t@ 
absence of carbon, Hence in welding together 2 pieces of stecl—orteris paribue—the 
more nearly their melting points coincide—and those are determined by the amount d 
carbon they contain—the less should be the difficulty. (Perey.) Puddled steel welds 
wery indiff-rently, nnd so docs cast stecl containing a large percentage of carbou. The 
mild cast steels, also shear and blister atcel, can be welded with esse. In welding cat 
stecl, borax or sal-ammoniac, or mixtures of them, are uscd as fluxes, Another ased 
for mining drills in America is a mixture of 6 qt. powdered limestone and 1 qt. sulphur; 
heat very carefully with frequent turnings, take from the fire and brush with a shot 
beso, dip into the mixture, and return tothe fire, 4 or 5 times, before the heat is cn. 
(See also WorxsHor Recerrrs, Third Serics, pp. 293-308.) 

Steel to Wrought Iron.—If the melting points of 2 metals sensibly differ, then the 
welding point of the one may be near the melting point of the other, and the difference 
in the degree of plasticity, so to speak, between the 2 pieces may be 80 considerable that 
when they are brought under the hammor at the welding point of the least fusible, the 
blow will produce a greater effect upon the latter, and ercate en inequality of fibre. 
This constitutes the difficulty in welding stecl to wrought iron, A difference at the 
rate of expansion of the 2 pieces to be welded produces unequal contraction, which is a 
mauitest disadvantage. (Percy.) Hard east steel and wrought iron differ so much it 
their melting points that they ean hardly be welded together. Blister and shear steel, 
or any of the milder stecls, can, however, he welded to wrought iron with case, care being 
taken to raise the iron to a highcr temperature than the steol, es the welding prist 
of the latter is lower is conscquence of ite greater fusibility. 

Tempering.— According to Richards, an excellent authority on the eubject, no ow 
has been able to expluin clearly why a sudden change of temperature hardens ateel, net 
why it assumes various shales of colour at different degrees of hardness; we only knot 
the fact. Every one who uavs tools should understand how to temper them, whet 
they be for iron or wood. Experimenting with tempered tools is the only means 
determining the proper degree of hardness, and as smiths, except with their own tool 
have to rely upon the explanations of others as to proper hardening, it follows tht 
tempering is generally a source of complaint. Tempering, as a term, is used to com 
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and so on; the learner knows as much after such instruction as before. The shades d 
temper must be seen to be learned, and as no one is likely to have use for such 
knowledge before having opportunities to see tempering performed, the following plan is 
suggested for learning the different shades. Procure 8 pieces of cast steel about 2 in. 
Jong by 1 in. wide and } in. thick, heat them to a high red heat and drop them intoa 
salt bath; preserve one without tempering to show the white shade of extreme hardness, 
and pulish one side of cach of the remaining 7 pieces; then give them to an experienced 
workman to be drawn to 7 varying shades of temper ranging from the white piece to the 
dark-blue colour of soft steel. On the backs of these pieccsdabels can be pasted describ | 
ing the technical names of the shades and the general uses to which tools of correspond- | 
ing hardness aro adapted. ‘This will form an interesting collection of specimens and | 
accustom the eye to the various tints, which after somo experience will be instantly 
recognized when seen separately, 

It may bo remarked as a general rulo that the hardness of cutting tools is “ inverse | 
ag the hardness of the material to bo cut,” which seems anomalous, and no doubt is », 
if nothing but the cutting properties of edges is considered; but all cutting edges are 
subjected to transverse strain, and the amount of this strain ia generally as the hardnes 
of tho material acted upon; henes the degree of temper has of necessity to be such as to 
guard against breaking the edges. Tools for cutting wood, for example, are harder than 
those usually employed for cutting iron; for if iron tools were always as carefully formed 
und as carefully used as those employed in cutting wood, they could be equally bard 
( Workshop Manipulation.’) 

Stcel plunged into cold water when it is itself at a red heat becomes exceasively hard. 
The more suddenly the heat is extracted the harder it will be. This proces of 
“hardening,” however, makes the stecl very brittlo, and in order to make it tough 
enough for most purposes it bas to be “tempered.” The process of tempering depends 
upon another characteristic of steel, which is that if (after hardening) the steel be | 
reheated, ag the heat increases, the hardness diminishes. In order then to produce steel | 
ofacertain degrec of toughness (without the extreme hardness which causes brittleness), 
it is gradually reheated, and then cooled when it arrives at that temperature which | 
experience has shown will produce the limited degree of hardness required. Heated 
atecl becomes covered with a thin film of oxidation, which grows thicker and changes in 
colour ag the temperature rises. The colour of this film is therefore an indication of the 
temperature of the steel upon which it appears, Advantage is tuken of this changed 
colour in the process of tempering, which for ordinary masons’ tools is conducted 3 
follows :—The workman places the point or cutting-end of the tool in the fire till it is of 
a bright-red heat, then hardens it by dipping the end of the tool suddenly into cold 
water. He then immediately withdraws the tool and cleans off the scale from the point 
by rubbing it on the stone hearth. He watches it whilo the heat in the body of the 
tool returns, by contluction, to the point. The point thus becomes gradually reheated, 
und at lust he secs that colour appear which ho knows by experience to be an indication 
that the stecl has urrived at the temperature at which it should again be dipped. He 
then plunges the tool suddenly and cntirely into cold water, and moves it about till the 
leat has all b.en extracted by the water. It is important that considerable motion should 
Le given to the surface of the water while the tool is plunged in, after tempering, other 
wise there will be a sharp straight line of demarcation between the hardened part snd 
the remainder of the tool, and the metal will be liable to snap at this point. 

In very emull tools there is not sufficient bulk to retain the heat necessary for cou 
duetion to the point after it has been dipped. Such tools, therefore, are heated, 
quenched, rubbed bright, and laid upon a hot plato to bring them to the required 
temperature and colour before being finally quenched. In some cases, the articles #0 
heated arc allowed to cool slowly in the air, or still more gradually in and, ashes, of 
powdered charcoal, The cffvct of cooling slowly is to produce a softer degree of temper. 
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cling moro to the steel, and there is not so much decrease of temperature caused by 
vaporisation as there is in using water. Sometimes the oil for tempering is raised to the 
heat suited to the degree of harduess required. When a large number of articles have to 
be raised to the same temperature, they are treated in this way. 

Baws aro hardened in oil, or in a mixture of oil with suet, wax, &c. They are then 
heated over a fire till tho grease inflames, This is called being“ blazed.” After blazing 
the saw is flattened while warm, and then ground. Springs are treated in somewhat 
the sume manner, and small tools after being hardened in wuter are cooled with tallow, 
heated till the tullow begins to smoke, and then quenched in cold tallow. 

Annealing or softening steel is effected by ruising hardencd steel to a red heat and 
allowing it to cool gradually, the result of which is that it regains its original softness, 

Case-hardening is a process by which the surface of wrought iron is turned into steel, 
80 that # hard exterior, to resist wear, is combined with the toughness of the iron in the 
interior. This is effected by placing tho article to be cave-hardened in an iron box full 
of bone-dust or some other unimal matter, and subjecting it to o red heat for a period 
varying from } hour to 8 hours, according to the depth of steel required. ‘The iron at the 
surface combines with a proportion of carbon, and is turnod into steel to the depth of ; 
togin. Ifthe surface of the article is to be hardened all over, it is quenclied in cold 
water upon removal from the furnace. If parts are to remain malleable, it is allowed 
to cool down, the stecled surface of those parts is removed, and the whole is then re- 
heated and quenched, by which the portions on which the steel remains are hardened. 
Gun-locks, keys, and other articles which require a hard surface, combined with tough- 
ness, are xenerally case-hardeued. A more rapid method of case-hardening is conducted 
as follows:—The article to be case-hardened is polished, raised to a red heat, sprinkled 
with fmely powdered prussiate of potash. When this has become decomposed and bas 
disappeared, tho metal is plunged into cold water and quenched. ‘The case-hardening 
in this way may be made local by a partial application of the prassiate. Malleablo cast- 
ings are sometimes case-hardoned in order that they may take a polish. 

Many further details on hardening, tempering, eoftening, and annealing steel will be 
found in Workuor Receipts, Third Series, pp. 256-295. 

Examples of Smiths’ Work.—It will be instructive to conclude this section with detailed 
descriptions of the operations entailed in a few of the more common kinds of work per- 
formed by smiths. 

Keys.—For forging small round short rods, or keys, no tools are required except the 
ordinary fire irons and the hand-hammer, tongs, and anvil chisel, in tho anvil, shown by 
Figs. 68 to 70. The pin should be forged to the proper diameter, and also the ragged 
piece cut off the small end by means of tho anvil chisel, shown by Fig. 70, while the 
work is still attached to the rod of steel from which it is made. After having cut and 
rounded the small end, it is proper to cut the key from the rod of stcel, allowing a short 
piece to be drawn down to make the holder, by which to hold it in the lathe. This 
holder is drawn down by the fuller, and afterwards by the hammer. The fuller is first 
applied to the spot that marks the rvquired length of key ; the fuller is then driven in 
by the hammerman to the required diameter of the holder, the bottom fuller being ia 
the square hole of the anvil during the hammering process, and the work between the top 
and bottom fullers. During the hammering, the forger rotates the key, in order to make 
the gap of equal or uniform depth ; the lump which remains is then drawn down by the 
hammers, or by the hand hammer only, if a small pin is being made. If the pin is 
very small, it is more convenient to draw down the small lump by means of the se 
hammer and the hammerman. The set hammer is shown in Fig. 74; and the top aad 
bottom fallers by Fig. 75. ‘The double or alternate hammering by forger and hammer 
man should at firet be gently done, to avoid danger to the arm through not holding the 
work level on the anvil. The hammerman should first begin, and strike at the rate of 
one blow second ; after a few blows the smith begins, and both hammer the work # 
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under-sido of the bar; and by turning the work upside down, and drawing down the 
lump, the stem is produced. The upsetting of iron gencrally should bo done at the 
welding heat; the upsetting of steel at tho yellow heat, except in some kinds of good 
steel, that will allow the welding heat. And both iron and steel require couling at the 
extremity, to prevent the hammer sprcading the end without upsetting the portion next 
to it. If the head of the key is to be large, eeveral heats and coolings must take p'acc, 
which render the process only applicable to small work. A small bar can be easily 
upset by heating to a white heat or welding heat, and cooling a quarter of an inch of the 
end; then immediately put the bar to tho ground with tho hot portion upwards, tle 
bar leaning against the anvil, and held by the tongs (Fig. 76). The end is then 
upset, and tho extremity cooled again after being heated for another upsetting, and 6 
on until the required diameter is attaincd. When a number of bars are to be upset in 
this manner, it is necessary to provide an iron box, into which to place the ends of the 
bars, instead of upon t!e soft ground or wood flooring, injury to the floor being thereby 
prevented, Whe: the key-hcad is sufficiently upset, tho faller and set hammer are 
necessary to mukes proper shoulder ; the stem ia then drawn four-sided and rounded by 


the i) top and bottom tools, If the bar from which the key is being mado is not Inrge 


enough to allow being made four-sided, cight sides should bo formed, which will tend 
to close the grain ani make a good key. 

Tho third method of making keys with heads is the quickest of the three, partico- 
Intly for making keys by the atcam hammer. By its powerful nid we are able to use a 
bar of iron an inch larger than the required stem, becauso it is necessary to have 
sufficient metal in order to allow hammering enough to make it close and huni, and alse 
welding, if seamy. If the bar from which it is to bo made is too large to bo easily 
handled without tho crane, the picce is cut from tho bar at the first heat. But if the 
bar is small, it can bo held up at any required height by the prop, shown in Fig. 77. 





While thus supported, tho piece to be doubled to make the head is cut three-quarters of 
the distaneo through the iron, at a proper space from the extremity. ‘The piece is 
then bent in the direction tending to break it off: the uncut portion being of sufficient 
thickness to prevent it breaking, will allow the two to be placed together and welded in 
that relation. A holo may also be punched through the two, whilo at a welding hesh 
as shown by Fig. 78. The hole admits a pin or rivet of iron, wi.ich is driven into the 
opening, and the three welded together. ‘This plan is resorted to for producing a strong 
head to the key without much welding; but for ordinary purposes it is much safer 
weld the iron when doubled, without any rivet, if a sufficient number of heavy blows cas 
be administered. .At the time the head is welded, the shoulder should be tolerably 
squared by the sct hammer; and the part next to the shoulder is then fullered to bow 
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But when a large number of small bolts are required in « short time, » larger kind 
of heading tool is made use of, which is named bolt header. Que of these, Fig. 82, is 
‘a jointed bolt header. The actual height of these headers depends upon the lengths of 
bolts to be made, becauso the pieces of which the bolts are formed are cut of a suitable 
length to make the bolts the proper length after the heads are upset; consequently, 
bult headers are made 2 or 3 ft. in height, that they may be generally useful. The 
header represented by Fig. 82 contains a movable 
block B, upon which rests ono end of a bolt 
pico to be upaet ; it is therefore necessary to raise 


sl. a 
2 
or lower tho block to suit various lengths of bolta. 
All bolts, large and small, that aro to be turned 
in a lathe require tho two extremities to be at 
right angles to the length of the bolt, to avoid 
waste of time in centring previous to tho turning 4 


process; and connecting-rod bolts and main-shaft 

bolts require softeninz, which makes them less liable to break in a sudden manner; 
anil it is important to remember that hammering a bolt while cold will make it brittle 
and_ unsafe, although tho bolt may contain more iron than would be sufficient if the 
bolt were soft. Great solidity in a bolt is only necessary in that portion of it which is 
to be formed into o screw. Tho bolt is less liable to break if all the other parts are 
fibrous, and the lengths of the fibres aro parallel to the bolt’s length. But in the ecrew, 
more solidity is noccasary, to provent breaking off while the bolt is being acrewed, ot 
while in use. However good tl:e iron may be, the bolt is useless if the screw is 
unsound ; and it is well to apply a pair of angular-gap tools, Fig. §8, to tho bolt end 
while at welding heat. Bolts of all kinds, largo and small, are injured by the iron 
being overheated, which makes it rotten and hard, and renders it necessary to cut of 
the burnt portion, if the bolt is largo enough ; if not, a new one should be made is 
place of the burnt one. 

Long bolts that require tho lathe process are carefully straightened. This i 
conveniently effected by mcans of a strong Inthe, which is placed in the amithy for the 
purpose, Long bolts aro also straightened in the smithy by means of a long atraight- 
edge, which is applied to the bolt stem to indicato the hollow or concave side of thestem. 
This concave sido is that which is placed next to the anvil top, and the upper side of the 
bolt is then driven down by applying a curved top tool and striking with a sledge 
hammer. This modo is only available with bolts not exceeding 2 or 8 in. diameter and 
of length convenient for the anvil, because in some cases bolts require atraightening or 
rectifying in two or moro places along the stems. If a bolt 6 ft. in length is bent 1ft 
from one end, the bent portion is placed upon an anvil, while the longer portion is 
supported by a crane, and a top tool is applied to the convex part. The raising of the 
bolt end to any required height is effected by rotating ascrew which raises pulley, upon | 
which is an endless chain; the work being supported by the chain, both chain and work 
are raised at one time, It is necessary to adjust ho work to the proper height while 
being straightened ; if not, the hammering will produce but little effect. The amoust 
of straightoning neccasary dopenda upon tho diameters to which the bolts are forged, ' 
and aleo upon their near approach to parallelism. A small bolt not exceeding I} in. ia ' 
diameter need not be forged more than a tenth of an inch larger than the finished 
diameter; a bolt about 2 in. diameter, only an eighth larger; and for bolts 4 or 5 in.in | 
diameter and 4 or 5 ft. in length, a quarter ofan inch for turning is sufficient, if the bolts 
aro properly straightened and in tolerable shape. This straightening and shaping of && | 
ordinary bolt is easily accomplished while hot, by the method just mentioned; other 
straightening processes, for work of more complicated character, will be given as we 
proceed. After tne bolts aro made sufficiently straight by a top tool, the softening 
effected by a treatment similar to that adopted for softening steel, which consists in 
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opening; the nut is then reduced to the dimensions desired. If the nut is too long, 
and the sides of it are parallel to the opening, the better plan is to out prominences 
from the two faces by means of a trimming chisel, Fig. 91, instead of rectifying the nut 
by hammering. Cutting off acrap pieces while hot with a properly shaped chisel of 
this kind is a much quicker process than cutting off in a lathe. 

Small connecting bolts, not more than 2 or 3 inches in diameter, are made in an 
economical manner by drawing down the stems by a steam hammer. Thoee who have 
not a steam hammer will find-it convenient to make a collar to be welded on a 
stem, in order to form a head, as shown by Fig. 88. After being welded the head 
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may be made circular or hexagonal, as required. The tool for shaping hexagonal heads 
is indicated by Fig. 85. Such an apparatus may be adapted to a number of different 
sizes by fixing the sliding part of the tool at any required place along the top of 
the block, in order to shape heads of several different diameters. The movable or 
sliding block is denoted in the figure by 8. 

Tongs.—Fig. 88 shows a curved-gap tongs, Fig. 89 a bar tongs, and Fig. 908 
side-grip tongs. Other forms are illustrated in Figs. 92 to 99, To forge and put together 
@ pair of flat bitted tongs (Fig. 93), of the most usual pattern, velect a bar of good 1 in, 


i ; 
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square iron ; lay about 3 in, on the inside edge of the anvil (Fig. 100) and “take dows” 
the thickness to } in. at the same time “drawing” it edgeways to maintain the widit 
at 1 in.; thie is done rapidly, e0 as to have heat enough in the ber to proceed with 
the next step, which consists in turning it at right angles, and hanging the “bit,” # 
part just taken down, over the front edge of the anvil (Fig. 101) and flattening the 
bar just behind it. The third step is performed by placing the work about 3 is 
farther forward on the anvil, and again turning at right angles (Mig. 102), slightly 
raising the back end, and striking the iron fairly over the front edge of theanvil, alte 
nating the blows by turning and returning the bar. Cut off the “ bit” Sor 4 in. behind 
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handle, and which has the metal around the hole curved with punching and drifting, 
the hole being oval, as in Fig. 104, and tapered at both ends or entrances of the hole, 
The entrances of the hole are principally tapered at the two sides which are nearest fo 
tho hammer's faces, the other two sides being nearly parallel. 
Steel taper drifts of proper shapo aro therefore driven into both 


104, 106, 
ends of the hole, to produce the required form, and all filing of . 

that part is thus avoided. 

The making of small slodgo hammers is conducted by forging 

each one at the end of & bar, similar to the modo for chipping ) 
hammers, but a sledge hammer, about 20 Ib. in weight, is made b 
cither singly, or of a piece of steel which is only large enough to be 

made into two; the handling of a heavy bar is thus avoided. By referring to Fig. 105, 
it may be seen that the handle hole or shaft hole of a aledge hammer is comparatively 
smaller than that of a chipping hammer; this is to provide a solid tool that will nt 
quiver or vibrate when in use, and is therefore not liable to break. 

Very little filing is sufficient to smooth a hammer, if properly forged, the shaping 
being easily effected with fallers and rounding tools; and after being filed, each of the 
two ends is hardened, but not afterwards tempered. After haniening, the two ends 
ure finished with grinding on a grindstone. Polishing the faves of engineers’ hammen 
iy not necessary. 

‘Through the handle hole of a hammer being tapered at both ends, the shaft end is 
made to resemble a rivet which is thickest at the two ends, one part of the shaft being 
male to fit one month of the hole with filing or with a paring chisel for wood, and the 
outer end of the shaft being made to fit the other mouth of the hule by spreading the 
wood with a wedge, The wood for the shaft is ash, is fitted while dry, so that the 
handle requires hammering to force its end into the hole, and when the hammering bat 
nade the taper shoulder of the shaft end bear tight against the taper mouth of the hols, 
the driving cvases, and the superfluous wood extending beyond the wodge end of the 
hole is cut off, and the wedgo hammered into its place. ‘This wedge is of iron, and bas 
an angle of about 4° or 6°; consoquently, the mouth of the hole should have the mm 
angle, to cause the wood to fill tho hole when a wodge is driven in. ‘ho principal 
tuper of the wedge is in ita thickness, its width being nearly parallel, to make it bold 
tight to the wood. When it is tobe put in, it is placed so that its width shall be parallel 
with the parallel sides of the hole, the taper purt will then spread the wood in the proper 
direction, An additiunal means of tightening the wedgo consists in making a few barts 
upon the edges, and also cleaning and chalking it when it is to be hammered into the 
wood, 

In onder to produce a largo number of hammers of the same shape and dimension, 
each one should be shaped while between a couple of top und bottom springy shapers 
This shaping is effected near the conclusion of the forging, and the hammer being 
shaped, is held with a long handle drift, whose point extends a few inches throogh the 
hammer, oud also beyond the shapers, the length of the hammer being at right angles 
to the length of the drift. After such shaping, the mouths of the hole may be tapered 
with a drift or with filing; to avoid filing, a short taper drift ia used for tapering the 
mouths of the hole, and the long handle drift for holding tho hammer in the shapens'# 
provided with a taper shoulder, to fit the taper mouths of the hole; and when a hammer 
is to be put between the shapers, this drift is hammered tight into the hole until tht 
taper shoulder of the drift bears on the taper mouth of the hammer. 

Chisels.—Chipping chieels for engincers scldom remain long in use, through the 
continual hammering and consequent vibration to which they are subjected for cutting 
metals, and because they are made of a granular tool stcel which is too solid for chisela 
and alwuys breaks unless the cutting part of the chisel is too thick to possess good 
eutting properties, Every sort of steel which has been cast, but not afterwards made 
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similar to that shown in Fig. 107; such a handle is thinner than the portion for cutting, 
that all its teeth may be driven through the work. 

Tron drifts are stceled by being packed in charcoal in boxes; the lids are pat oa, 
all the crevices are filled with loam, and a thick layer of loam is put on the ledge, which 
extends all round the mouth for the convenience of supporting the loam. After all the 
creviovs are thus filled, to keep out the air, the affair is put 
into a large clear fire, that plenty of room may exist around, lot. 

‘and gradually heat ull sides of the box at one time. A 

plate furnace firo will afford a convenient heat, a substitute €————7?T Vt) 
boing a large forge fire; if this is used, the blast is vory 

gently administered until the work is red hot, when the blast 

is stopped, and the work is allowed to remain at the same hent for 2 hours, dorins 
which time the drifts have absorbed the carbon from the chnrcval, and tie surfaces are 
steclod. This being done, each one is taken carefully from the charcoal without bruising 
the odges, and allowel o cool acparately, if they aro required immediately; if not, th 
box is taken from the fire he lid is raised, and tho work is allowed to slowly cool whils 
among the chareval. When ¢ he drifts aro cold, they aro put into order for hardening. 
This may be done ut any future time, and consists in eharpening the tecth and polishing 
the surfacca, to make them us they appeared previous to being heated, and when thet 
are to be hardened they are agnin heated and cooled in water. This second heating is 
seldom necessary for drifts if they are properly finished previous to steeling, and they 
may be hardened while hot at tho time they are first carbonized. Drifts thus steeled 
iuay bo softened at any future time when the fecth require sharpening, and nga 
haridencd by merely heating and dipping into water, becauso heating the tool does not 
liberate the carbon, 

This method of carboniz'ng is also adopted for changing the surfaces of iron screw 
taps info sicel; taps thus treated are useful fur several classes of work, if properly 
tanaged. 

Punches.—A punch with o circular extremity, for making round holes into eold 
sheet iron and other metals, is about 6 in. long, and made of an old round file, to avoid 
forging. The file is firct thoroughly softened slong its entire length, and one end is 
reduced until of a proper diameter to make tle holes desired; this reducing is oftes 
done with a grindstone, while the file is soft, when forging cannot be effected, and the 
intended cutting extremity is ground until flat. When properly shaped, the tool is 
hardened ly heating to redncss about 3 in. of its length, and placing about 1 in. into 
water, moving it to ‘and fro as for hardening other tools; as eoon as the tool's extremity 
is cold, it is taken from the water and cleaned, during which time the heat slowly 
eoftens the end, and when a blue colour appears at } or 4 in. from the extremity, the 
hard part of the punch is cookd, but the remainder ia allowed to cool os slowly ss 
poasible, that it may he quite soft. 

Square punches and other angular punches for land uso are of the same length 
round ones, and are made uf properly softened round and square files. Punches are ot 
merely reqnired to mako holes; they are useful for smoothing and polishing the 
boundaries of various recesses that cannot be filed, scraped, or ground. A punch fr 
such work is held in one hand, and applied to the work whilo the head of the punch a 
hammered until the surface in contact is shaped. Tools of this class have shaping 
extremities of various forms, some being curved and convex, others are concave, wae 
are provided with ridges, knobs, tecth, and other protuberances, the extremities of others 
are rectangular, triangular, and oval, having reccascs of several forms, All such 
punches require a careful polishing, both previous to hardening and afterwards, and the 
better the polish given to the punch, the smoother will be the surface to be punched. 
The ends of such tools are specially tempered after hardening, to suit their respective 
shapes, those extremities which are broad, and consequently strong, being tempered toa 
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for this curving, and the edges of the gap portions are shaped while between such tools, 
and also while a filler is in the spanner's gap. ‘This filler is of steel, aad is long enough 
to be supported on a couple of blocks, or across an oponing of eome sort, while tie 
spanner’a gap-part is held on the filler and shaped with the top and bottom tool, Ope 
narrow side of the filler is angular, similar to the bottom of the gap, and the thickness is 
the forged width of the gap; consequently, while the outer surfaces are being shaped ai 
the time tho filler is in the gap, both tho gap and the outer edges of the gap portion sm 
shaped at one hammering. 

In order to provide good bearings in the gap surfaces, and to prevent the entire gap 
portion being too broad, and thereby occupying too much room, the thickness of a gxp 
portion belonging to a small spanner should be about equal to the height of the nat 
which is to be rotated, and the total breadth across the gap part only about 5 times the 
diameter of the hole in thenut. Large spanners for nuts 3 or 4 in. height, may havegap 
parts which are two-thirds of the nuts’ heights. The proper sbape for the bottom of « 
spanner’s gap is angular, that it may fit any two contiguous sides of a 6-siled nut or 
bolt head. Gaps of euch 0 form will suit hexagonal nuts and square onca, A gap with 
a curved bottom bruiscs the nuts’ corners, and it must be made very deep to prevent the 
spanner clipping off while in use. By Fig. 112 a spanner is represented whose gap part 
is of proper shape. 

Gap epanners are often forged of ordinary fibrous wrought iron, and after they am 
properly finizhel and the gup surfaces smoothly filed to suit the nuts, the entire gp 
portion of cach spanner is hardened; this is performed by heating it to a bright red, 
rolling it in powdered prussiato of potash, and then cooling it in clean water. Small 
iron spanners, that are only Gor 8 in. long, are put into a box with bones or hoofs, and 
their entire surfaces ure stecled, similar to the mode for steeling other small tools. 

Cast-iron spanners are thoso that are mado by pouring the metal into sand moukis 
that are shapod with wood or iron patterns resembling the spanners to be cast. After 
casting, tho spanners are softened by a long gradual cooling, which inakes the metal 
soft, and preveuts the tool brouking while in use, although the metal is not made fibrocs. 
Cast stcel thus used is a preferable metal to cast iron. 

The stems and handles of socket spanners are made of round iron or steel, ood 
seperate from tho sockct portions. ‘Tho socket portion of the spanner consists of a 
tubular piece which is attached to the stem by welding its end intheaocket hole, This 
socket picce may bo an end of a thick tube, if such a piece can be obtained with a hole 
of proper diameter. The sockct may be madenlso by punching a hole through @ slid 
pieco, and drifting the holo to a proper shape and size; ti.is produces a good socket if 
the metal is solid. The convenient mode of making a suckct of an iron or eoft steel ber 
consists in.curving to a circular form ono end of a bar which is aboutas thick as tbs 
intended socket, and welding the two ends together by means of a sort of scarf joint 
termed a lip joint. Such a joint is made by tapering both the ends that are to be webled 
together, and curving tho socket pieco until its holo is about three-quarters of its 
finisher diameter, which allows the socket to bo stretched with welding to its proper 
diamcter. After a socket is mado by either of theeo mcans, its hole is shaped with s 
steel 6-sided drift which is of the same shape and thickness as the rcquired socket hole. 
One end of the socket is next heated and upset, tomake it thicker and larger in diameter 
than the remainder, at which t:mo it appears as in Fig. 118, being then ready ff 
welding to the stem. 

‘Tho preparation of the stem consists in thickening one end by upsetting, and shaping 
it to a G-sided form to fit the socket-hole. A stem thus shaped is denoted by Fig. 114; 
and the thick part is made to fit tight in the hole, that it may be easily handled end 
welded in that situation. The length of tho part which is in immediate contact with 
the enlarged end of the hole is about half of the socket’s length, and while the 
two are together & welding heat is givon them, and they are welded with « coupled! 
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attacked to the bar, and also afterwards, while separate, as denoted by Fig. 117. Whea 
it ia cut from the bar, the shaping of the boss is completed by hammering the outside 
while at welding heat, and by fullers applied to the junction of the boss with the 
handle; during both these processes a drift is in the hole ; a drift is also in the hole of 
a boss, which is circular, and being rounded with half-round top and bottom tools, 

The drifts fur enlarging the holes are very taper, similar to the one shown in 
Fig. 117, and those for adjusting holes to proper diameters are so nearly parallel that 
they appear parallel to ordinary observation. A parallel drift is indicated in Fig. 118 
and is tapered at each end, to prevent its being stopped by the burs made with 
hammering whilo being driven into or out of a bole. 

Several drifts of various sizes and shapes are always kept ready hy the smith, and by 
proper use of the parallel ones a spanner with a circular hole can be enlarged until 
the desired amount of metal remains for boring the boas to the stated dimensions ; and 
if the spanner being Snished has a square or 6-sided hole, it can be drifted until it fits 
the nuts, bolt heads, spindle end, plug end, or other works for which the spanner is 
made, thus avoiding much filing, drifting with cutting drifts, and other lengthy 
Processes. : 

Wrenches.—Wrenches for rotating tapa, broaches, and similar tools are mde of three 
portions for cach wrench, one picee being the boss which is to contain tho holo or holes, 
and the other pieces being round straight pieces for the handles, the three being 
separately made, and the holes in the boss-part finished, previous to welding the pieces 
together. ‘The length of the’boss-part depends on the number of holes to be in it, and 
after the length ix ascertained, u piece of soft steel is selected which is lurge enou;h for 
the bess, and long enough to sliow a stem to be thinned at each end of the boss; 
this component picce is first properly marked while cold, to denote the commencement 
of each stem, and next fullered with top and bottom fullers to commence the thinning, 
which reduces tho stems to a proper diameter. A boss-pieco of this class is shown 
by Fig. 119, which is to have ouly one square hole. Another boss-piece, made by tlhe 

but having 3 holea, is represented by Fig. 120; in this figure a mouth for 
a tongue joint is shown at the end of each stem, such a joint being adupted when 
making large tap spanncrs. A tap spanner to be welded by means of scarf joints is 
indicated by Fig. 121, in which the ends are thickened and bevelled ready for welding. 
When the handles are welded with tongue joints, the joints are made very strong, 
through tho extremitivs being made to extend several inches along the handles, as 
denoted in Fig. 122. 

‘A small wrench that is only about 1 ft. long is made of only one piece of ateel, and 
it ia not necessary to select soft stecl for welding, the stems which are produced from 
the boas being made long enoug' by thinning to become the handles, without welding 
them to separate pieces. Large tap spanners, also, aro occasionally made in thia way if 
the operators have secess to steam hammers for tho reducing. For economy, small 
wrenches are often made of old files, and if the steel is not too brittle to be properly 
thiuned for the handles, strong, hard, durable spanners are produced. 

All the holes in wrenches are square, and are made by punching and drifting, 
having proper care to enlarge the holes "with smooth drifts, so that only a very little 
filing shall bo necessary. ‘The handles of tap wrenches are lathe-turned, and the 
junctions of the stems with the bosers are nicely curved with springy corner tools. 

To muke a capstan spanner haying 4 handles extending from the boss, one thick 
pice for the boss is necessary, and 4 straight pieces for the handles; these are welded 
to the boss part by means of stems that are produced from the boss by thinning. 

‘The outer shape of the boss should be square, not circular; and to produce » bos 
which is to be 4 in, long and about 4 in. square, a piece of soft steel bar should be 
selected which is about 43 in. equare, which will allow a trimming to shape the bos 

‘efter it is sproad with punching and drifting, the length of the piece being about 
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and smoothing it with a set hammer or flatter, also with a faller at the junctions, 
while a drift of the finished size of the hole remains in it. A boss of this class requires 
a careful trimming to shape it at the conclusion of forging, to avoid a lengthy abaping 
while cold, especially because it cannot be turned in a lathe. The boas, having its 
arms at right angles to cach other, and reduced to a proper thickness, is represented by 
Fig. 126, 

The circular boss, shown by Fig. 127, has an elegant appearance, and can be lathe 
turned to partly shape it; but auch a boss requires more metal around a square hole (han 
is neceasary for a square boss of the same strength. When bosses having 4 arms, or 
3 arms, are being made in considerable numbers, each one can be easily shaped in 
a shaping mould, which is fitted to a steam-hammer anvil. 

Adjusting surfaces by hammering.—Une of the most Interesting uses of the hammer 
is for stretching plutes of metal. Blows applied upon the surface of a straight piece 
of metal will cause the side struck to rise up and become convex, and render the other 
side concave. This process is termed “ paning” or “pening,” from the pano or pene df 
tho hammer being generully used to perform it; it is resorted to for straightening 
plates, correcting the tension of circulur saws, &c., and has recently been made the 
subject of a most instructive lecture before the Franklin Institute, by Joshua Roee, from 
which the following abstract is taken. 

Supposing you huye a }-in. plate with a dent in the middle, on laying one end on an 
anvil, holding up the other in your left hand, and springing the plate up and down 
with your right hand, if you watch the plate, you will see that az you spring it the 
middle moves most, and the part that moves is a “loose” place. The metal round about 
it is too short and ia under too much tension. Now, if you hammer this loose place soa 
will stretch it and make it wide, so hammer tho places round about it that movo 
the least, stretching them eo that they will pull the loose place out. With a very 
little practice you can take out a loose place quito well ; but when it comes to a thick plate, 
the case is more difficult, because you cannot bend the plate to find the tight and loose 
places, so you stand it on edge, and between you and the window the lights and ahsdes 
show the high and low patches. Fig. 128 represents what is called the “ long eroes-face” 
hammer ured for the first part of the process, which is termed the “smithing.” The 
face that ia parallel to the handle is the long one, and the other is the cross-face. These 
faces ure at right anglcs one to the other, so that without changing his position the operator 
may strike blows that will be lengthways in one direction, as at a, in Fig. 129, and 
by turning the other face towards the work he may strike @ eccond series standing 
ay ut b, Now, supposo we had a straight plate and delivered these two series of 
blows upon it, and it is bent to the shape shown in Fig. 130, there being a straight ware 
at a, and a scam all across the plate at b, but rounded at its length, so that the plate will 
be highest in the middle, or at ¢, if we turn the plate over and repeat the blows against 
the same places, it will become flat ayain. 

To go a little deeper into the requirements of the shape of this hammer, for straighten- 
ing saws both faccs are made alike, being round:d across the width and elightly 
rounded in the lenzth, the amount of this rounding in either direction being important, 
because if the hummer leaves indentations, or what are technically called “ chops,” they 
will appear ufter tho saw has been ground up, though the marks themselves are 
ground out; because in the grinding the hard skin of the plate is removed, and it 
gocs back toa certain, but minute, extent towards its original shape. This it will do 
more in the spaces between the hammer blows than it will where the blows actually fell, 
giving the surface a slightly waved appearanc 

The amount of roundness across the face regulates the widthe, and the amountol 
roundness in the face length regulates the length of the hammer marks under any given 
foree of blow. Ax the thicker the plute the more forcible the blow, therefore the larger 
the dimen-ions of the hammer mark, This long croas-face is used again after the saws 
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used for the same purposes es either the long cross-faced or the twist hammer, beeams 
the smith operates to equalize the tension at the same time that he is taking down te 
lumps; henco he changes from one hammer to the other in an instant, and if, afer 
regulating the tension with the dog-head, he should happen to require to do me 
umithing, before regulating the tension in another, he would go i 

right on with the dog-head and do the intermediate smithing 

without changing to the smithing hammer. Or, in some cases, 

he may use the long cross-face to produce a similar effect to 

that of the dog-head, by letting the blows cross each other, 

thus distributing the hammer’s effecta more equally than if the 

blows all lay in one direction. 

In circulur saws, which usually run at high velocity, there 
is generated a centrifugal furco that is sufficient to actually 
stretch tho saw and make it of larger diameter. As the outer 
edge of tho saw runs at greater velocity than the eye, it 
stretches most, and therefore the equality of tension through- 
out the saw is destroyed, the outer surface becoming loose and 
causing the saw to wobble as it revolves, or to run to one side 
if one side of the timber happens to be harder than the other, 

‘as in the case of meeting the edge of a knot. 

The amount of looseness obviously depends upon the 
amount the saw expands from the centrifugal forco, and this clearly depends upon the 
speed the saw is to run at, so the saw straightener requires to know at what specd the 
saw is to run, and, knowing this, he gives it more tension at the outside than at the 
eyo; or, in other words, while the eye is the loosest, 
tho tension gradually increases towards the circum- Lad 
ference, the amount of increase being such that when 
the saw is running the centrifugal force and con- @. a 
sequent stretching of the saw will equalize the 
tension and cause the saw to run steadily. 

In circular saws the combinations of tight and 
loose places may be so numerous thet as the smith see 
proceeds in testing with the stmight-edge he marks 
them, drawing a circular mark, as at g, in Fig. 134, 
to denote loose, and the zig-zag marks to indicate tight places. 

To cite some practical examples of the principles here laid down, suppose we haveia 
Figs. 135 ami 136 a plate with a knick or bend in the edge, and as this would stiffen the 
plato there, it would be called atight place. To take this out, the hammer marks could 
be delivered on one side radiating from the top of the convexity as in Fig, 185, and oa the 
othor as shown radiating from the other end of the concavity us in Fig. 186, the smithing 
hammer being used. This would induce a tight place at a, Fig. 135, which could be 
removed by dog-head blows delivered on Loth sides of the plate. Suppose we had & 
plate with a lovse place, as at g in Fig. 137, we may take it out by long cross-face blows, 
ne at a and , delivered on both sides of the plate, or we might run the dog-head on both 
sides ot the plate, both at @ and at b, the effect being in either case to stretch out tht 
metal on both sides of the loogo place g, and pull it out. In doing this, however, we 
shall have caused tight places at ¢ and f, which we remove with dog-head blows, at 
shown. Ifa plate had a simple bend in it, a8 in Fig. 138, hammer blows would first be 
delivered on ono side, as at a, and on the other side, as at b, A:much more complicated 
caw would bo a loose place at g, in Fig. 139, with tight places at A, é, k, 1, for which the 
hammer blows would be delivered as marked, and on both sides of the plate. Another 
complicated caso is given in Fig. 140, g being two loose places, with tight places 
between them and on each side. In this case, the hammering with the long crow 
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fam would induce tight places at d and ¢, requiring hammer blows gs: denoted by the 
marks, 

‘Rowe had some examples to illustrate how plainly bending a plate will show its 
ight and loose places. ‘With a rectangular piece of plate that is loose in the middle, 


1m. 





tle rtnight-edge lies flat on it ; but if you try to bend the middle of the plate downwards 
vit your hands, you will see that it goes down instantly, the straight-edge showing a 
lwp hollow in the middle, as in Fig. 141, the samo thing occurring with the straight- 





tte tried on both sides of the plate. Another piece is tight in the middle, and when 
™ try to bend its middle downwards in precisely the same way, it comes upwards, 
tad the stright-edge shows it to be round as in Fig. 142. In the first case the middle 
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‘tuilly moves, beoauso it is loose; in the second place the edges move, because they 
We loowe, 





Vithtwo circular saws, ove tight azd one loose at the contre, the same thing cours , 





90 Foraine anp Frvisaixe. 


use rivets rather larger in diumetcr than the thickness of the plate, and at intervals from 
2 to 4 times the diameter. Thornton states that a watertight joint can be formed with 
single riveting at intervuls of 4 diameters; double riveting is commonly used, the fimt 
row being placed at a distance of . 
at least one diameter (of rivet) 
from the edge of the plate, and 
the second row at about 3 dia- 
meters from the first. These 
rules determine the length of J 
what is called the butt-plate, or 
fishing-piece. The rivets in tho 
second row are placed directly 
opposite those in the first row, 
and not diagonally opposite the 
upaces. In all exterior plutes the outer rivet-holes are countersunk and the rives 
hammered flush. 

SOLDERING.—foldering is the art of forming joints between metallic surfaccs 
by the application of molten alloys. 





BSolders.—Alloys employed for joining metals together are termed “ solders,” and 
they are commonly divided into two classes: hard and soft solders. The former faw | 


only at a red heat, but soft solders fuse at comparatively low temperatures. 

One of the most easily fusible metals is an alloy of 2 parts bismuth, 1 tin, and 
1 lead; tin is the most fusible of these three metals, melting at 455° F. (235° C.), 
but this alloy melts at 199}° F. (98° C.), or a little below the boiling-point of water. 
By diminishing the quantity of bismuth in the alloy, the point of fasion may be 
made to vary between 212° F, (100° C.), and 329° F, (200° C.), and thus it is en euy 
matter to form a solder which shall fuse at any required temperature between these 
limits, for electrical purposes, steam-boiler plugs, &. The following are the best 
recipes for the common solders :—For aluminium-bronze: (a) 88°88 gold, 4-68 silver, 
6-44 copper; (b) 54-4 gold, 27 silver, 18-6 copper. (c) Melt 20 parte of aluminium 
in a suitable crucible, and when in fusion add 80 of zinc. When the mixture is 
melted, cover the surface with some tallow, and maintain in quiet fusion for some 
time, stirring occasionally with an iron rod. ‘Then pour into moulds. (d) 15 parts 
aluminium and 85 of zine; (e) 12 aluminium and 88 zino; (f) 8 aluminium snd 
92 zine; all of these alloys are prepared aa (c). The flux recommended consists of 
3 parts copaiba balsam, 1 of Venetian turpentine, and a few drops of lemon-juice 
The soldering-iron is dipped into this mixture. 

For braasiork: (a) equal parts of copper and zinc; (b) for the finer kinds 
work, 1 purt silver, 8 copper, 8 zine. 

For copper: (a) 8 parts copper, 1 zine; (b) 7 copper, 8 zine, 2 tin. 

Hard solder: 86°5 copper, 9°5 zine, 4 tin. 

Hard solder for gol ; 18 parts 18-carat gold, 10 silver, 10 pure c>pper. 

Hard silver solder : (a) 4 parts silver, 1 copper; (b) 2 silver, 1 brass wire; these ar 
employed for fine work ; the latter is the more readily fusible; (¢) equal parts coppet 
and coin silver; requires higher temperature than , but will not “burn,” is as fluid 
as water, and makes a far sounder joint. 

Hard spelter solder: 2 parts copper; 1 zinc; this solder is used for ironwork, 
gun-metal, &e. 

For jeweller: (a) 19 parts fine silver, 10 brass, 1 copper; (6) for joining gold, 
St parts gold, 2 silver, 1 copper. 

Midilling hard solder : 4 parts scraps of metal to be soldered, 1 zine. 





For pewterers: (a) 2 parte bismuth, 4 lead, 3 tin; (6) 1 bismuth, 1 lead, 2 tia, 


tho latter is beat applied to the rougher kinds of works, 
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spread along the joints after being mixed with borax which has been fased and powderel 
It is not necessary that the grains of solder should be placed between the pieces to be 
joined, as with the aid of the borax they will sweat into the joint as soon as fusion takes 
Place. The Lest solder for platinum is fine gold. The joint is not only very infusible, 
but is not easily acted upon by common agents. For German silver jointa, No. 11s 
excellent. 

When brass is suldered with soft solder, the difference in colour is so marked as fo 
direct attention to the spot mended. The fullowing method of colouring soft solder is 
given by the Metallasteiter: First prepare a saturated solution of copper sulphat 
(bluestone) in water, and apply some of this on the end of a stick to the solder. Ou 
touching it with a stel or iron wire it becomes coppered, and by repeating the 
experiment the deposit of copper may be made thicker and darker. To give the sclder 
a yellower colour, mix 1 part of a saturated solation of zinc sulphate with 2 of coppee 
sulphate, apply this to the coppered spot, and rub it with @ zinc rod. The colour cas 
be atill further improved by applying gilt powder and polishing. On gold jewelry « 
coloured gold, the solder is first coppered as above, then a thin coat of gum or isinglas 
solution is applied, and bronze powder ie dusted over it, which can be polished after te 
gum is dry, and made very smooth and brilliant; or the article may be electroplated 
with gold, and then it will all have the same colour. On silverware, the coppered spots 
of solder are rubbed with silvering powder, or polished with the brush and then carefally 
scratched with the ecratch-brush, then finally polished. 

Burning, or Autogenous Soldering.—The process of uniting two or mow 
pieces of metal by partial fasion is called “burning.” This operation differs from the 
ordinary soldering, in the fact that the uniting or intermediate metal is the same 
those to be joined, and generally no flux is used, but the metals are simply brought 
almost to the fusing-point and united. Tho process of burning is, in many cases, of 
great importance; when the operation ia successfully performed, tho work is stronger 
than when soldered, for all parts of it are alike, and will expand aud contract evenly 
when heated, while solders often expand and contract more or less than the metals which 
they unite, and this uneven contraction and expansion of the metal and solder often 
tears the joint apart ; another objection to soldering is that the solders oxidize either 
more or leas freely than the metals, and weaken the joints, as is the case if leadon vessels 
or chambers for sulphuric acid are soldered with tin, the tic, being so much more freely 
dissolved by the acid than the lead, soon weakens or opens the joints. 

Fine work in pewter is generally burned together at the corners or sharp angie, 
where it cannot be soldered frm the inside; this ia donc that there may be no difference 
of colour in the external surface of the work. In this operation, a piece or strip of the 
same pewter is laid on the parts to be united, and the whole is melted together witha 


large soldering-iron or copper bit, heated almost to redness; the superfluous metal is then | 
dressed off, und leaves the surfaces thoroughly united, without any visible joint, In 


burning togother pewter or any of tho very fusible metals, great care is required to avaid 
melting and spoiling the work. 

Castings of brass are often united by burning. In this operation, the ends of the 
2 pieces to be united are filed or scraped, 0 as to remove the vutside surface or scale; 
they are then embedded in a sand mould in their proper position, and # shallow or open 
space is left around the joint or ends of the castings ; 30 or 40 Ib. of melted brass are 
then poured on to the joint, and the surplus metal is allowed {o escape through 
flow-gate. Inthis way 2 castings may be united so that they are as solid as if they had 
heen cast in one piece. This process is resorted to by all brassfounders in making large 
and light castings, such as wheels, large cireular rims, &c.; when too large to be run in 
ono piece, they are usually cast in segments and united by burning together. 

Cast iron is often united by burning together, or, moro properly, burning on, for in 
this case one of the metals added or united is in the fluid state. When about to bum 





94 SoipErtNa—Burning. 


been melted. The overflow end is then stopped up, and more metal is poured i, 
the molten lead being kept ready to fill up as shrinkage shows it-elf, When set, the 
eand is removed, and the “runner,” or the remains of the metal poured on the joint, is 
eut off with a chisel and mallet; the surface is finished off with a scratch-brash or | 
wire-card. The paper that wus pasted over the outside will have fallen off, and will 
be scen to have left « smuvth surface, in which no trace of a join is visible. The secret 
of suecess lics in having a good bed of sani, plenty af hot metal, and careful attention 
to the shriukage. ‘The bottom of the tub or tank is put in by a similar proces. 
‘fhe hoop or sides, when the tank is not too deep, being completely sunk in » hole 
in the casting-shop, is filled up with sand inside and out. The sand is then removed 
from the inside to a depth equal to the thickness required in the bottom of the tank, 
and smoothed over well with the tiowel. The sand outside the tank must be rammed 
hard, and a bey left all round to take the overflow. Ax befure, rosin is sprinkled over 
the edge of the metal, and the melting-furnace ia brought close tothe work. When the 
metal is as hot as possible, 2 or more men tuke a ladleful and pour along the edge, and 
when the latter is melted, the molten metal is poured in until it is up to and running 
over the level of the outside sand all round. The droes is then skimmed off and the 
metal is left to cool, as it shrinks equally all over and requires no farther attention. 
It is obvious that instead of making the bottom by pouring on molten metal, a piece of 
the required size can be cut out of thinner sheet lead, and placed on the top of the 
inside sand ; but the majority of experienced workmen prefer the first-mentioned method 
of burning ins bottom. If the urticle is of considerable size, however, it ia necessary 
to have more than one workman, as the metal must be poured on as quickly as possible. 

This method of lead-burning is considerably troublesome, and is rarely used, exo | 
when the lead is tuo thick to be melted conveniently by means of the blowpipe, or the 
oxyhydrogen flame. The latter is, however, always used when possible by those who 
can accomplish the operation, which requires a much greater degree of akill than the 
process dcacribed above. 

Similar processes are applicable in the case of the other metals, Thus brass may be 
burned together by placing the parts to be joined in a sund mould, and pourings 
quantity of molten brass on them, afterwards reducing the parts by means of the file, 
&c., to proper dimensions, ‘The sine qud non is plenty of molten metal, made s 
trifle hotter than usual. Pewter is generally “burned” by the blowpipe or a rey 
hot copper-bit. In angles, where bent over sharp corners, and in seams, one edge # 
allowed to stand over the surface of the other, and a atrip of the same metal is then 
laid along the intended junction. This joint is burned, as mentioned, by melting the 
surfuces und edges by means of a blowpipe or the hot soldering-iron, and the super 
fluous metal is filed off, leaving the joint, if at an angle, looking as if it had been 
made out of the solid. The principle of the process ia the same whatever he the mode 
in which it is performed; and when hot metal is used as the sole agent of heat, itis 
necessary to have plenty of it, and to see that tho parts to be joined are clean. It is 
searcely necessary to say that the autogenous method is the only proper method of 
remedying the defects in castings, and notwithstanding the trouble attached to it, 
should always be attempted with all metals for which it is applicable, and all articles 
in which it is possible, It is not to be supposed that trifling defects in iron castings 
will be remedied by this means, though there is no very great difficulty in accomplishing 
it, as flanges are often burned on to pipes and wheels, but with the more costly or easily 
worked metals, the practice of this process would be attended with advantage. 

Dr. Hoffman suggests endeavours being made to employ tho oxyhydrogen flame for 
effecting autogenous joints in all metals. The operation is already conducted with 
complete success in the case of 2 essentially different metals, lead and platinum, end 
offers the advantages of being cleaner, strunger, and more economical of time and 
materials, 
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‘or all leaden vessels and chambers to be used in contact with acid vapours or liquids, 
genous soldering is the only admissible way of making a joint. The apparatus 
oyed consists of a hydrogen gas generator, or “‘ burning machine,” as it is commonly 
d,an “air vessel” or portable bellows, come indiarubber tubing, and a set of gas- 
sand jets, The hydrogen generstor is shown in Fig. 148: a is an airtight leaden 
em, heving a perforated shelf b, and an opening ¢ in the top; d is another leaden 
em with a perforated shelf e¢. A pipe f connects the cisterns a d, passing through a 


148, 















































‘hr the shelf 8, which it just perforates, Tho hinged cover g being turned Loek, 

* them @ is filled with sheet zinc cuttings, and the covcr is closed. Diluted oil of 

tol, tay 1 qt. of the acid to 1 gal. water, is poured into tho cistern d, and finds its 

"7 troegh the Pipe f into the bottom of the cistern a, rising through the strainer b, 
od vunounding the zinc. The acid acts upon the zine, forming zinc sulphate, wit 
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consequent liberation of hydrogen. As the hydrogen gua is eet free, it passes througt 
cock and pipe h into the leaden vessel ¢, partially filled with water, and, passing thro 
the water, it becomes purified, and escapes at the pipe k; m ia the pipe through wl 
the generator is emptied of acid when the gas is no longer required. The vessel i1 
be removed from its place by unscrewing the nut close to the cock on the pipe h,! 
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may be filled with water or emptied through the pipe n. The pipes 
mand n are plugged with corks; o are short pieces of pipe supporting 
the shelf 8, to which they are attached. 

The air vessel consists simply of a woolen cask open at the top, 
containing a cylinder of zinc, with a closed top, having a hole and 
cover in the centre, as shown in Fig. 149. which is drawn on a scalu 
of fin, =1ft. The cask a is partially filled with water, the cover b 
(which is coated underneath with sheet indiarubber to make it shut 
close) is opened, the cylinder c is raised, and the cover is closed again, preventing 
escape of air from the cylinder except through the small pipe d. A weight ¢ is ple 
on the top of the cylinder, to keep the cover b firmly closed, and give force to 
current of air issuing from d, the weight being conveniently represented by a }-, + 
L.owt., according to the preasure of air required. 


Na 
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alozg the joint to be united with a strip of sheet metal or a small spoon. The work ii 
then piaced upon a clear fire, and heated gradually to evaporate the water used in 
uniting the solder and borax, and ale. to drive off the water contained in the cryatallizal 
borax, which causes the borax to boil up with an appearance of froth. If the work is 
heated hastily, the boiling of the borax may displace the solder, and for this reason it is 
better to roast or boil the borax before mixing with t].c solder. When the borax ceases 
to boil, the heat is increased ; and wl:en the metal kkeunes a faint nd, the borax foxs 
quietly, like glass, and ahortly after, as the heat of the metal is increwel toa bright rel, 
the sulder alzo fusea, which is indicated by a small blue flame from the burning of the 
zinc. Just at this time the work should be jarred slightly by being tapped I'ghtly with 
the puker or hammer, to put the s-lder in vibration and cause it to ran into the joint. 
For some work it is not necessary to tap it with the poker, for the solder is absorte! 
into the joint and nearly disappears without tapping. In order to do good work, it s 
necessary to apply the heat as uniform!y as yossible, so as to have the solder melt 
uniformly, This is done by moving the werk about in the fire. As soon as the work 
has been properly Leaed, and the s.r has flushed, the work should be removed 
from the fire, and, after the s-lder |:as sct, it may be cooled in cold water without 





Tubes to be sel lered are gon rally secund by binding wire twisted together around 
the tube with the pliera, Ail tubes that are soldered upon the open fire are soldered from 
within, for if they were seldered from the outside the heat would have to be tran 
mitted acregs the tube with greater risk of mvitizg the lower part of the tube, the air in 
the tube bei bad conductor of heat; and it is necessary that both ends of the tube 
should be open, 2o.us to watch for the melting of the solder, In soldering long tubes, 
the work rests upon the fat plate of the braziers* hearth, and portions equal to the 
length of the fire are soldered in succession. The common tubes or gas-pipes are 
eoldered or welded from the eutside. This is dene by heating the tube in a long air 
furnace, completely surrounded by hot air, by which means the tube is heated more 
uniformly thon in the open fire. After the tubes have been heated to the welding heat, 
they are taken out of the furnace, and driwn throngh clamps or tongs to unite 
the edges, and are then ru: through grooved rollers 2 or 3 times, and the process is 
complete. The soldering or wil “f inn tubes requirea much less precaution in 
point of the heat than some of the other metals or alloya, for there is little or no risk of 
fusing it. 

In soldering ligt ironwork, such us locks, binges, &e., the work is usually covered 
with o thin couting of Icam te prevent the iron from being scaled off by the heat 
Sheet iron may be soldered ata cherry-red beat by using iron tilings and pulverized 
borax as a solder and thus, The solder and flux are laid between the irons to be 
soldered, and the whole is bound tzcther with binding wire, Leated to redness, taken 
from the tire, and uid upon the anvil: the 2 irons are united by a stroke upon the set 
hammer. Steel or heavy iron may be united in the same way at a very low heat. For 
soldering iron, stevl, and other light-coloured metals, as well as brasswork that requires 
to be very 
fusibility and combining so well with most metals, without gnawing or eating away 
the sharp cdzes of the joints, Si Qder is used a great deal in the arta, and from 
the sparing er careful way in w is useel, most work requires little or no finish after 
solderiug, so that the silver selder, expensive, is in reality the cheapest solder in 
the lor For silver solderin: r is rolled into thin sheets and then cat 
into narrew strips with the shears, Ty joints or edges to be united are first coated with 
pulverized borax, which has been previously heared or boiled to drive off the water of 
crystallization. The small stripa of evlder are then placed with forceps upon the edges 
of joints to be united, and the work is heated upon the braziers’ hearth. The process of 
ailver solderivg upon the larger wcale is essentially the same as the operation of brazing. 
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y neatly douc, the silver solder is generilly used on account of its superior , 
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bottom of the soldering-pan. In this way the soldering-iron is thoroughly coated with 
tin, and is then ready fur use, In soldering tin-plate work, the edges are slightly 
lapped over each other, and the joint or ream is strewed with powdered rosin, which is 
usually contained in a small box set in the soldering-pan. The soldering-iron, which 
has been heated in the firepot, is then drawn over the cake of solder; a few drops 
are melted and adhere to the soldering-iron, and are distributed by it along the joint or 
eam. In large work, the seams are first tacked together, or united by drops of solder 
s0 as to hold the scams in proper position while being soldered; but this is seldom 
done in small work, which can be easily held together with the hands. Two soldering 
tools are generally employed, sn that while one is being used for soldering, the other is 
being reheated in the firpot, thus avoiding the delay of waiting fur the tool to hest. 
The temperature of the tool ia very important: if it is not hot enough to melt the solder, 
it must be returned to the fire; and if it gets too hot, the tinning will be burnt of, 
the solder will not hang to it, and the tool must be retinned before it can be used. In 
soldering tinware, the tool is usually passed only once over the work, being guided 
by the contact with the fold or ledge of the seam; but when the operator is not 11 
expert, he usually runs the tool backward and forward over the work 2 or 3 times. This 
makes slow work. 

Sheet copper, in common work, is soldered with the soldering-iron in the sme 
manner as sheet tin; but the finer or more important work is brazed or hard soldered. 
In soft soldering copper, as well as sheet iron, the flux generully used is powdered 
sal-ammoniac, or a solution of sal-ammoniac and water. A piece of cane, the end of 
which is split into filaments to make a stubby brush, is used for laying the solution oa 
the work, and powdered rosin is subsequently applied. Some workmen mix the powderel 
sal-ammoniae and rosin together before applying it to the work. This they claim is 
better than putting them on separately ; but so long aa the metals are well defended 
from oxidation, cither of the modes is equally gcol, for the general principle is tho 
same in both. Zinc is the most difficult metal to solder, and the joints or seums ar 
seldom so neatly formed as in tin or copper. Zino will remove the coating of tin from 
the soldcring tool in a very short time. This arises from the superior affinity of cupper 
for zine than for tin, and the surface of the tool is freed from tin, and is coated with 
zine. Sal-ammoniac is sometimes used for a flux in soldering zinc, but the most 
common fiux employed for zine is zine chloride, which is made by dissolving fragments 
of zinc in hydrochloric acid diluted with about an equal amount of water. This solution 
ia put in a wide-mouthed bottle, and small strips of zinc are dropped into it until 
they cease to be dissolved. The solution is then ready for use; it is likewise resorted 
to for almost all the other metals, os it can be employed without such strict necessity 
for clean surfaces aa when some of the other fluxes are : -ailed of. 

In soft scldering, the soldering-iron is only used for thin sheet metals, because, 
in order to unite 2 metals by soldering, their temperature must be raised to the melting- 
point of the solder, and a heavy body of metal cannot be sufficiently heated with the 
soldering-iron without making the latter too hot, which is apt to burn off the coating 
of tin, or to cause it to be absorbed by the copper, os in superficial alloying, and the solder 
will not adhere to the tool, and cannot be spread along the joint by it. In soft soldering 
heavy work, the work is first filed or scraped perfectly clean at the points to be soldered, and 
is dipped into a bath of liquid solder, which is covered with a little melted eal-ammonie 
to prevent oxidation, and also to act as a flux for uniting the metals. In dipping 
the work into the bath, it first comes into contact with the flux, and is coated by it 
before it is subjected to the heat; when dipped into the solder, the tin readily adheres 
to it: and after heavy pioces of metal have been tinned in this way, or by the process of 
dry-tinning with mercury, they may be soldered with the eoldering-iron. When tinning 
thin pieces of brass or copper alloys for soldering, it is usnally done by rubbing a few 
‘ropes of solder over the part to be tinned with the soldering-iron; and if tinned by 
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shown in Fig. 154. One made by Griffin for burning # mixture of wood spirit and tax 
pentine (4 volumes to 1) is illustrated in Fig. 155. Fletcher's lamp (Fig. 156) for the 
same mixturo has the spout made large enough to accommodate 5 or 6 folds of Lin 
soft cotton wick, All these lamps should bo capped when not in use. Figs. 157 and 158 


187, 





represent respectively the fixed and adjustable forms of the patent self-eoting soldering 
lamps with blowpipes attached. Fig. 159 is a Bunson gas-burner. 

Blowoera.—When the work exceeds the capacity of the mouth blowpipe, or when it 
is too continuous to bo done with the mouth alone, a mechanical blower mast be wed, 
and the selection of this to suit the work required is a matter 
of considerable importance. Tho temperature of a given flame, 
the fuel combustion being equal, is greater in inverse proportion 
to its size. Tho smaller a flame becomes when the air blast is 
applied, the hotter it is, and the more work it will do, provided 
the air is not supplied in excessive quantity. Other things 
being equal, a high-pressure blast gives the most powerful 





flume, and the pressure of the air supplied is therefore a matter of serious importance. 
‘An average adult can, with an effort, give an air pressure in a blowpipe equal to about 
36 in. of water pressure, or 1 1b, on the sq. in, ‘The average pressure'is, however, about 
half this, or rather less, the maximum being only obtained by @ severe strain, which 
cannot be continued, A fan worked by the foot will give an air pressure equal to 
about # to 1 in, of water. A fan worked by power will give air at 1 to 5 in, of water 
pressure, depending on its spced and construction. An average smiths’ bellows about 
5 in. pressure, Small heavily-weighted circular bellows about 8 to 10 in. pressure. 
Root’s blower driven by power, 24 in. pressure. Fletcher's foot blower No, 2, 15 in 
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tubes between the fingers, holding them in the same way as the reins are held in driving 
ahorsc. If s diminishing socket is not at hand, the end of the T-piece can be pluggst 
up and the air tube fastened into this plug, and it will be a convenience if an elbowis 
put on the gas inlet close to the T, #0 as to tarn the gas pipe in the same direction » 
the air pipe. In this form it makes e handy and convenient blowpipe. 

For any except very small work, some mechanical blower is absolutely necessry. 
Those who do not care to go to the expense of any of the apparatus usually sold, tsa 
produce a good make-shift with one or two pairs of common house bellows. Ifa 
upholsterers’ or sofa spring is placed between the handles 20 as to render the opening d 
the bellows automatic, the pressure of the foot on the top board will give a strong bat 
of air. This, although intermittent, acts very well for a large proportion of work, ands 
full-sized pair of house bellows will supply # blowpipe with an air jet of fall } or jin 
bore. A continuous blast, at all events for soldering and brazing, is not at all necesmy, 
unless the maximum possible power is required. To obtain a continuous blast from thi: 
arrangement several ways may be adopted. It is of course necessary to have a reser, 
which is always under pressure, and some means must be adopted to prevent the sir inthe 
reservoir blowing back into the bellows, whilst they are being lifted between the strokes 

If a square tin or xino vessel is made, with a sloping partition, shown at b (Fig. 161) 





tho partition slightly open at the bottom, and the vessel half filled with water, the sit 
when blown by the bellows through the pipe c, bubbles up through the water, which 
makes the bottom of the pipe ¢ tight against the return of the air. As the air acoumt 
Intes in the close part, it presses the water a under the partition to the other side, causing 
a difference in level, which exerts @ continued pressure on the air pipe on the top. The 
deeper this vessel the heavier the air pressure which can be obtained, as this ia ruled by 
the difference in level between the two water surfaces. This is the only means of getting 
‘® oontinuous pressure without a valve. The next easiest way is to get a second pair 
bellows, plug up the hole underneath the inlet valvo at the bottom, and in this plog 
insert a pipo leading from the first pair of bellows. The seoond pair then forms the 
reeorvoir, the air being taken from the nozzle to supply the blowpipe, and the neccesary 
pressure must be obtained by weights on the top beard or by a strong spiral spring rest- 
ing on the top board. The rule with house bellows is that they are made in a wholenls 
rough way, and very few are anything like air-tight. They should be carefully selected 
for the purpose by opening fully, stopping the nozzle with the finger, and pressing the 
Dandles heavily together. Many will be found to close almost as quickly with the 
tatale stopped as with it open, and, of course, these are quite useless for the purpose. 
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166, copper bits; Figs. 167 to 170, soldering and boseing irons; Fig. 171, lade; 


Fig. 172, a shave-hook; Fig. 173, a boxwood chase wedge; Fig. 174, a boxwad 
turnpin. : 
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Brazicrs’ Hearth—In solderiug or brazing large work of copper, silver, &o., 80 opa 
firo is used, called the braziers’ hearth. For large and long work, this hearth is mee 
with a flate iron plate about 4 ft. by 3, which is supported by 4 legs, and stands on tie 
floor at a sufficient distance out from the wall, so that the operator can get all around t 
In the centre of this plate is a depression about 6 in. deep and 2 ft. long by 1 wide, fe 
containing the fuel and fire. The fire is depressed in this way 90 that the surface of tht i 
plate may serve for the support of large work, such as long tubes, large plates, &o. Th 
rotary fan is commonly used for the blast. The twyer iron is similar to those for the 
common blacksmiths’ forge, but with a larger opening for admitting the blast to the fir. 
Tho nose or top of this twyer iron is fitted loosely into grooves, 80 as to admit of eay 
renewal, as they are burned out ina very short time, and must be replaced to do good 
work. The fire is sometimes used the full length of the hearth, in which case a log 
or continuous twyer is employed. Ovccasionally 2 separate fires are made on the mm 
hearth. In this case, they are separated by a louse iron plate. The hood or mouth d 
the stack is suspended from the ceiling over the hearth with counterpoise weights, so thet 
it may be raised or lowered, acconling to the magnitude of the work. The comma 
blackamiths' forge fire is frequeutly used for brazing. It is temporarily converted inle 
 braziers’ hearth by being built hollow around the fire, and the fire removed from tht 
wall or flue, out into the centre of the hearth. But the brazing operation injures the 
fuel so that it cannot bo again used for ordinary forging of iron or steel. For wat 
of either the braziers’ heartl or the Llacksmiths’ forge, the ordinary grate made be used, 
or it is better to employ a brazier or chafing divh containing charcoal, and urge the fire 
with a band-bellows, which should be blown by an agsistent, eo that the operator may 
have both lands at liberty to manage the work and fuel. ‘The best fuel for brasing # 
charcoal, but coke and cinders are generally used. Fresh coals are highly igfurious 
the work, on account of the sulphur they contain, and soft or bituminous coal cannot be 
used at all until itis well charred or converted into cinders, Lead is equally as injurious 
in the fire for brazing as for welding iron and steel, or in forging gold, silver, or copper, fot 
the lead is oxidized and attaches iteelf to the metals that are being brazed or welded, and 
prevents the union of the metals, and in all cases it renders the metal brittle and 
unserviceable. There are many kinds of work which require the application of heat 
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commercial eal-ammonise ; place this between the surfaces to be soldered, and applya bo 
iron or gne-flame. The surfaces do not require trimming. 

(10) Mending cracked bell—The crack is first soldered with tin, and the bell is 
heated to dull redness or nearly 80 for a little time. The tin has the property, whea 
heated above its melting-point to nearly redness, of repidly dissolving copper, an alloy 
being thereby formed in the crack of nearly the same composition as the bell itself, and 
which, being in absolute metallic union with it, is quite as brittle and as sovorons asthe 
other portions of the bell. 

(11) Soldering iron and steel.—For large and heavy pieces of iron and steel, copper 
or brass is used. The surfaces to be united are first filed off, in order that they may be 
clean, Then they are bound together with steel, and upon the joint a thin atrip of sheet 
copper or brass is laid, or, if necessary, fastened to it witha wire. The part to be solderd 
ia covered with a paste of clay, free from sand, to the thickness of 1 in., the coating being 
applied to the width of a hand on each side of the piece. It is then laid nears fir,# 
that the clay may dry slowly. The part to be soldered is held before the blast, aad 
heated to whiteness, whereby the clay vitrifics. If iron is soldered to iron, the plecs 
must be cooled off in water. In soldering steel to steel, however, the piece is allowed 
cool slowly. The semi-vitrified olay is then knocked off, and the surface is cleaned ins 
proper manner. By following the hints given, it will be found that a durable and clea 
soldering is obtained. If brass, instead of copper, is used, it ia not necessary ts heat » 
strongly ; the former recommends iteelt, therefore, for steel. Articles of iron and steel g 
medium size are best united with hard or soft brass solder. In both cases the seams ar 
clennly filed and spread over with solder and borax, when the soldering seam is heated 
Hurd brass solder is prepared by melting in a crucible 8 parts brass, and adding 1d 
previously heated zinc. The erucible is covered and exposed to a glowing heat for afer 
minutes, then emptied into a pail with cold water, the water being strongly agitsted 
with alrrom. Thus the metal is obtained in small grains or granules. Soft brass solder 
is obtained by melting together 6 parts brass, 1of zinc and 1 of tin. The granulation 
carried outas indicated above. Small articles are best soldered with hard silver sulder ot 
soft solder. The former is obtained by alloying equal perts of fine silver and soft bras. In 
fusing, the mas is covered with borax, and when cold, the metal is benten out to a this 
sheet, of which a sufficiently large and previous! 
upon the scams to be united and heated. Soft silver solder di 
only in that the former contains ,\, of tin, which is added to it during fusion. vty fiw 
articles of iron and steel are soldered with gold, viz. either with pure gold or hard god 
solder. The latter can be obtained by fusion of 1 part gold, 2 of silver, and 3 of coppet. 
Fine stcel wire can also be soldered with tin, but tle work is not very durable, Han 
and soft brass solders are used for uniting copper and brass to ircn and steel, silver solder 
for silver, hard gold suldcr for gold. 

(12) Soldering silver.—The best soldcr for general purpoecs, to be employed ia 
soldering silver, consists of 19 parts (by weight) silver, 10 of brass, and 1 of copper, 
carefully melted together, und wellincorporated. To use this for fine work, it should be 
reduced to powder by filing; the borax should be rubbed up on alate with water, tothe 
consistency of a ercam. ‘This cream should then be applied with a fine brush to the 
surfaces intended tu be joined, between which the powdered solder (or wire) is placed,and 
tho whole is supported on o small bicck of charcoal to concentrate the heat, In the 
hands of a skilful workman, the work can be done with such accuracy, as to require w= 
soraping or filing, it being only needful to remove the borax when the soldering is complet, 
hy immersion in “ pickle.” 

Silver soldering aa applied to silversmiths’ work, is on art which roquires great care 
und practice to perform it neatly and properly. ‘The solder should in every way be well 
auited to the partioular metal to which it is to be applied, and should pnesess a powerfel 

vhemical affinity to it: if this is not the case, strong, clean, and invisible conneotiom 
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apply tho borax and solder as before mentioned, and continue the elow heating up until 
the whole mass is hot enough to complete the soldering with the blowpipe. If e light 
bit has only to be carried or held in position after fixing with wax, as before menticoed, 
a bridge or arm may be made between the pieces with a very stiff paste made of comma 
whiting and water, or a mixture of clay, whiting, and water. This, being only small in 
bulk, dries much more quickly than the plaster and sand, but it requires also very slow 
heating at first, so as to drive the moisture out gradually, otherwise it explodes as steam 
is formed inside, and the whole work has to be recommenced. The Indian jewellen in 
making filagree work use clay alone for holding the parts together, but it is very dow 
in drying, and requires much more care in use than either of the forms given, 

‘When soldering, the work has to be supported in such # manner thet it can be tumed 
about and its positions altered quickly, more especially when a fixed blowpipe is used, 
and for this purpose it is common to use either a lump of pumice or @ small sheet-ira 
pan with a handle, and filled with broken pumice, broken charcoal, and plaster-of-paris, 
or other non-conductor. The best material is willow charcoal, and the best result can 
be obtained by its use, as, burning with the heat of the blowpipe, it gives off beat and 
assists the workman, giving a greater power than when any other support is used. Osk 
vharooal is not admisefble, as it crackles and disturbs the work. For a permanet 
support, which does not burn away to any practical extent, the best is a mixture 
finely-powdered willow charcoal and a little china clay, made into a stiff paste with 
rice-flour starch, and rammed into a mould. These are to be bought in many shapes, 
and are the most convenient for all purposes. 

Speaking generally of the mouth blowpipe, the most practised users, as e maximum 
feat, might, with gas, soft solder a 3-in. lead pipe, or, with a lamp, do the same with s 
1}-in. pipe. In hard soldering (with silver soldor or spelter), it ia usually as much 
can be done to solder properly any work weighing over 3 oz., if gas is used; or about 
half this weight with a lamp; although in exceptional cases, using a charcoal support, 
these weights may be exceeded, and more especially if the bulk of the work is heated 
up by a fire or other means so as to admit of an extra strain being put on the lungs for 
a short time for finishing only. It is a common practice for heavy or awkwardly-shaped 
work—whero the heat is liable to be conducted away quickly—to support the work ons 
bed of burning coke or charcoal, using the blowpipe only for running the solder whilst 
the body of metul is heatcd by the burning coke. By this assistance the capacity of 
any blowpipe is doubled, or more than doubled, and when the work to be done is beyood 
the capacity of tho blowpipes available, this remedy is a valuable one. 

SHEET-METAL WORKING.—By the term “sheet metals” is meant thos 
metals and alloys which are used in thin plates or sheets, such as braas, copper, lend, tin, 
zine, tinned iron (tin plate), and thin sheet iron. The arts of making fold, platinam, 
and tin foila, and platinum vessels for chemical operations, are obviously embraced in 
the term, but these trades are too special to warrant description here. 

The combined strength, durability, lightness, and clean smooth surface of shes 
metal, render it particalarly useful in a vast number of articles where these qualities 
are desirable. Another most important property possessed by the majority, especially 
copper and tin, is that of assuming various shapes without fracture by simple hammering 

Striking out the Patterns.—As the metal is procurable only in flat sheets f 
various dimensions and thicknesscs, ome knowledge of geometry is required to deta 
mine how the flut piece is to be marked and cut in order to produce the shape decided 
on for the finished article. 

There is scarcely any end to the variety and intricacy of pattern which may be 
introduced into sheet-metal goods; but when the surface is very irregular it become 
necessary to employ mschines for stamping out the design, or rolls for impressing it @ 

the metal. Appsratus designed fur these purposes will be described further on; bet 
vaany simple articles can be constructed without such sid. ‘In measuring the metal 19 


118 Sreer-MeraL Workine. 


‘When only a frustrum of a cone is required, as for instance  fannel fitted over a pipe 
end, or the shoulder top of a can, the same law holds good; but in thia oases second 
aro must be described equal in length to the smaller circumference, Thus, in Fig. 177, 
supposing the ring a to have a larger circumference of 12 in. st the base, and a smaller 

. circumference of 10 in. at the top, with a height of 7 in.; then 2 arcs have to be 
desgribed at radii 7 in. apart, from the centre b (which is the point where the sides ofa 
would cut each other if prolonged), the larger aro ¢ measuring 12 in: long, and the 
smaller d 10 in. Fig. 178 is another example where the shoulder bas a much shallower 
slop, and when consequently the inner arc d is much smaller than the outer ¢. 

Cylindrical Tubes.—The width of sheet required to form a cylinder is ascertained by 
multiplying the desired diameter of the cylinder by $-1416; the diameter of a cylinder 
made from a sheet of known width will be the product of that width multiplied by 0-31831. 

Among the most frequent operations in sheet-metal working is the adjustment of 
cylindrical pipes to each other at various angles, and in various positions. 

If it be desired to join 2 pipes of equal diameter at right angles to each other, 
proceed as in Figs. 179, 180. The T-piece a will fit the outline of the main pipe ba 


120. 179, 





shown. To strike out this T-piece, take a sheet having the same width as the distance 
between ¢d, and the samo length as the circumference of the T-piece. Divide the 
circumference into halves by the line ¢; then draw the line f at the level of the contact 
line of the main pipe b; finally describe 2 curves g commencing at the point h on tho 
line ¢, touching the line f, and terminating at the points c. These curves g must be 
uketched in, as they do not form correct arcs of @ circle, but are somewhat deeper. The 
seam joining the edges ¢d will be on one of the long sides of the T-piece. The exact 
delineation of the curvo g may be attained by dividing the half-circumference into s 
number of equidistant apaces by vertical lines, which are numbered or lettered; 
equivalent lines then drawn at tho same distances and of the same lengths on the sheet, 
indicate the sweep of the curve. 

Tools.—Vor small operations, the tools required may be said to consist simply of 
@ mallet, shears, and a few shapes for moulding on; but many useful little machines 





have ‘been introduced into the trade, and effect considerable saving in labour, The 
ordinary boxwood tinmen’s mallet should have the paul roundiug at one end and fiat st 
the other. Tinmen’s pliers are shown in Fig. 181. 
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Tools.—Fig. 190 is a flattening mill for sheet metal; and Fig. 191i 

pair of tinmen’s rolls, 
Folding Tools.—Fig. 192 is a folding or hatchet stake, whioll may be replaced bys 
strip of iron with a sharp edge, over which the margins of gheets are bent. Fig, 193% 





a taper stake used for folding tubes of tapering form ; a parallel stake is aleo required 
for cylinders. Fig. 194 is a pair of folding rollers. Fig. 195 is a machine for turning 
ever edges and running a wire through the rim formed to give it strength. Fig. 196s 


122 Sueet-MeraL Workixe. 



























124 Sueer-Metat Work1na. 


operations are carried on, machines replace these simple contrivances. Fig. 205 is s mul 
and Fig. 206 a large swaging machine ; Fig. 207 is a grooving machine. Fig. 208i 
creasing iron; Fig. 209, a block hammer; Fig. 210, a concave hammer; Fig, 2ll.s 
rivet set; Fig. 212, a groove panch; Fig. 213, a hollow punch; Fig. 214, 0 tespt 
neok tool; Fig. 215, a kettle lid swage. 


lalate 


‘Working the Metals.—There are 3 distinct ways of working sheet metal ine 
objects of use or ornament, characterized by the manner of securing continuity of surface 
and absence of holes : these may be termed seamless, soldered, and riveted goods. 

‘Seamless Goods.—Some metals, especially copper and block tin, lend themselves s 
well to hammering processes, and manifest such @ tendency to assume various bent form 
without either creasing or cracking, under the influence of repeated blows judiciouly 
delivered, that this is the general way of working with them. The piece of sheet metal 
of the required size is placed on the mould whose form it ia to acquire, and very cu 
fally, gradually, and equally hammered till it assumes the desired shape. The mel 
appears to have the power of redistributing its constituent molecules, ao that the portioa 
expanded by the blows draws upon the unhammered parts ond maintains a uniform 
thickness. A hemispherical bowl may be made in this way from 6 flat sheet by grade 
ally beating it into the recess in Fig. 203 by means of the round end of the mallet. A 
dish with fiyted sides may be formed from another sheet by hammering a margin of the 
same width as the desired sides in the hollows of Fig. 204, the bottom of the dish being 
subsequently flattened down by hammering a hard block on it’ Obviously the proms 
roust be gradual and the blows equally distributed in order to secure symmetry in the 
finished article. Highly ornamental work may be done with suitable moulds and dies; 
but in the caso of copper, if the impressions are deep, the metal will require frequest 
annealing by heating it, as the blows or stamps rapidly render it brittle and liable 
crack. 

There is another kind of seamless work produced by a spinning process. ‘The metal 
or rather alloy best adapted to it seems to be Britannia metal or pewter. A sheet f 
this metal is mounted in a lathe, either by drilling a holo through and screwing it or 
by pinching it between wooden blocks. When fixed ao that it can rotate freely, pressam® 
is applied to the side of the plate by meansof an oiled or greased burnishing tool with 
a smooth blunt surface, the curve in tho sheet increasing as the pressure is augmented. 
In this way a circular cup is gradually prodneed without the least sign of a crease 0 
inequality in the surface. By using sectional moulds capable of being taken to plow 
most complicated patterns, such as teapots, feet of candlesticks, &c., can be made, by grade 
ally pressing the rotating metal till it tightly embraces the mould, which is then remowd. 
More elastic metals may be used if duly annealed, provided they possess sufficieat 
malleability. 

Seamed Goods.—Seamed goods, whether to be soldered or riveted, may be described 
under one head, as they differ only in the manner of securing the seam. 
Pipes.—These are among the simplest articles constructed out of sheet metal. The 
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a8 possible, and gradually hammering it down. When many articles of the mme sim 
are to be made, a hard cylindrical block of the correct dimensions is very useful. After 
the diso has hud its margin turned up saucer-wise, the cylinder is replaced in it, and 
the margin of the disc is closely hammered down upon the foot of the cylinder ; solder 
run along the seam completes the joint. This folded joint is unsurpassed for strength, 
but it demands more metal and more time for its production, and heneo is genemlly 
replaced by the following modification. The completed cylinder, without any foot o 
flange at the bottom margin, is stood on the disc, which has already been converted into 
® saucer, and the edge of this saucer is soldered to the upright wall of the cylinder 
all round. 

Square boxes.—The sheets to form boxes and trays of rectangular shape may be cat 
in different ways, according to where it is ndmissible +> have @ soldered seam. Ties 
the bottom may be made separately from the sides, having a little flange turned on the 
margin to be attached by a horizontal seam to the sides, which latter may courist of ose 
long strip, bent to suit the corners and with only one vertical seam to join the 2 ends; 
or the bottom and sides may be-all in one piece, with triangular slips cut ont at the 
comers to allow of the turning up, when there will be a vertical seam at cach come, 
and no horizontal seam. 

Riveting.—This simple operation consists in punching boles in the overlapping sheet 
metal, inserting rivets of correeponding composition, and hammering out the ends to 
form second heads. A riveted joint can seldom be made watertight; but in some cases 
it is very useful on the score of its strength, and inside soldering can be added to fil 
interstices and complete the joint. 

CARPENTRY.—The term “carpentry” is here employed in its widest sens, 
embracing what ia more properly known as “joinery.” ‘The former is strictly applied to 
the use of wood in architectural structures, as for instance the joists, flooring, snd 


rafters of a house, while the latter refera to the conversion of wood into articles f | 


utility which are not remarkable for beauty of design or delicacy of finish. It is eminently 
convenient to discuss the united arts of carpentry and joinery under a single heud, # 
they are really so closely connected as to present no real difference. 

‘The art of the carpenter may be divided into 3 distinct heads—(1) a consideration 
of the kinds, qualities, and propertics of the woods to be worked upon ; (2) = description 
of the tools employed, and how to use them and keep them in order; and (8) the 
rudimentary principles of constructing fabrics in wood, with examples showing ther 
application in various ways. The subject will be dealt with in this order. 

‘Woods.—It will be well to begin with an enumeration of the woods used in 
carpentry—(other wools will be found described under the arts in which they are used, 
e.g. Carving)—leaving such mattors as relate to all woods in general till afterwards 
They will be arranged in alphabetical order. The terms used in describing the 
characters of the various woods may be expluined once for all. The “ cohesive force” 
is the weight required to pull asunder s bar of the wood in the direction of its length; 
the figures denoting the strength, toughness, and stiffness, are in comparison with oak, 
which is taken as the standard, and placed at 100 in each caso; the “crushing force” 
is the resistance to compression; the “ breaking-weight” is the weight required to break 
a bar 1 in. oq. supported ut two points 1 ft. apart, with the weight suspended in the 
middle. 

Acacia or American Locust-tree (Robinia pseudo-acacia).—This beautifal tree, of 
considerable size and very rapid growth, inbabitethe mountains of America, from Canada 
to Carolina, ite trank attaining the mean size of 32 ft. long and 28 in. diam. The 
eeasoned wood is much valued for its durability, surpassing oak. It is admirable for 
building, posts, stakes, palings, treenails for ehipe, and other purposes. Its weight is 
49-56 Ib. a cub. ft.; cohesive force, 10,000-13,000 Ib.; and the strength, stiffness, and 
toughness of young unseasoned wood are respectively 95, 98, and 92. The wood ia 
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|. ‘iffness, 73; strength, 82; toughness, 92. Tho beet comes from the 8, Stated 
N. America, chiefly from the ports of Savannah, Darien, and Pensacola. The coloa is 
reddish-white or brown; the annual rings are wide, strongly marked, and form beastifd 


troublesome to plane, but very dural 

but contains much sapwood, is subject to heart and cup shake, and soon rots in damp; 
it is brittle when dry, and often rendered inferior by the trees having been tapped fr 
turpentine. Its resinous nature prevents its taking paint well. It is used in te 
heaviest timber structures, for deep planks in ships, and makes very durable flooring. 
Market forms are logs 11-18 (aver. 16) in. aq., 20-45 ft. long; planks 20-45 ft. long, 
10-15 in. wide, 3-5 in. thick. 

Pine (Red, Norway, or Yellow] (Pinus rubra [resinosa]).—This tree grows on dy, 
stony acile in Canada, Nova Scotia, and the N. United States, reaching 60-70 ft. high, 
and 15-25 ft diam. at 5 ft. above ground. The wood weighs 87 Ib. per cub. ft; itis 
much esteemed in Canada for strength and darability, and, though inferior in thee 
reapects to Northern Pine, is preferred by English shipwrights for planks and span, 
being eof, pliant, and easily worked. This timber has a reddish-white appearance, 
with clean, fine grain, much like Memel, but with larger knote. It is small, very slid 
in the centre, with little sap or pith, tough, elastic, not warping nor splitting, 
moderately strong, very durable where well ventilated, glace well, and suffers Jittle la 
in conversion, Cabinet-makers use it for vencering, and sometimes it is employed fr 
internal house-fittings. Market forms are logs 16-50 ft. long, 10-18 in. oq., 40 cub * 
in contents, sized as ~ large.” “ mixed,” and “ building.” 

Pine 7Red} or Rimu (Ducrydium cupressinum).—This New Zealand wood rans 45 tt 
long, and up to 30 in. #q., and is much used in honse-framing and carpentry, but isn 
£0 well adapted to joinery, as it shrinks irregularly. It weighs 40 Ib. a cub. ft Itis 
an omamental and useful wood. of red colour, clear-grained, and solid ; it is much wed 
for joisting, planking, i 




























in the manufacture of farniture, the old wood being handsomely marked lik- rorwood, 
but of a lighter brown hue. The best quality comes from the South Isla 1. 
Pine [Weymouth or White] (Pinus strobus)—This tree inhabits *% 
continent between 43° and 47° N. lat, cocupying almost all soils. Ti 
Ported in logs over 3 ft. #3. and 30 ft. long; it makes excellent masts; 
from knot, easily worked, glues well, and is very durable in dry climates. but 1- 
large timber, liable to dry-rot, and not durable in damp places, nor di 
well, It is larzely employed for wooden houses and timber bridges in A: 
weight ia 253 Ib, per cub. ft.; cobesive force, 11,835 Ib.; stiffness, 95; str: n 
toughness, 103, 
Ieeomes brownish-yellow when seasoned ; the annual rings are not very : 
grain is clean und stright; the wood is very light aad eoft, when pla: 
surface, aud ix ensily recognized by the short detached dark thin streaks, 
lines, always running in the direction of the grain. The timber is asa 
from Knots, aud easily worked, though the top ends of logs are sometiv 
it ix ul aubieet to cup and heart shakes, and the older trees 4 

the contre, It is much used in America for carpenters’ work of all kinds 
name purpose in Seotland, and in some English towns, but considered infe*k. 
to Raltio timber. ‘The great length of the logs and their freedom fron 4 
thom to be extensively used for masts and yards whose dimensions cann 
fron Raltic timber. For joinery this wood is invaluable, being wrouz!.! 
snwnthly into mouldings and omamental work of every description. It ic 
aulapted for pancla on secount of the great width in which it may be y- ~~ 
aluy much werd for waking patterne for cactinzs. O€ market forms the » 
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States, being most abundant in cold-bottomed lands in Lower Canada. It reaches 
60-70 and evon 100 ft. high, but seldom exceeds 24 in. diam. The wood is much usd 
in America for ships’ knees, when oak and larch are not obtainable. 

Spruce [Red], or Newfoundland Red Pine (Abies rubra).—This species grows in 
Nova Scotia, and about Hudaon’s Bay, reaching 70-80 ft. high. It is universally pre- 
ferred in Americafor ships’ yards, and imported into England for the same purpose. It 
unites in a higher degreo ali the good qualities of the Black Spruce, 

Stopperwood is principally used for piles and for wheel spokes. It is a very stroog 
and durable wood, and grows from 12 to 16 ft. long and from 6 to 8 in. in diam. It is 
found on all the Babamian islands, and is an exceedingly hard, fine, close-grained, and 
very heavy wood. 

Stringy-bark (Eucalyptus gigantea) —This tree affords one of the best building woods 
of Australia, being cleaner and straighter-grained than most of the other species of 
Eucalyptus. It is hard, heavy, strong, close-grained, and works up well for planking, 
beams, joists, and flooring, but becomes more difficult to work after it dries, and shrinks 
considerably in drying. The outer wood is bettor than the heart. Its weight is 56h 
a cub, ft.; crushing-force, 6700 Ib. ; breaking-weight, under 500 1b. It is liable to warp 
or twist, and is susceptible to dry-rot. It splita with facility, forming poste, rails and 
paling for fences, and shingles for roofing. 

Sycamore or Great Maple (Acer pseudo-platanus).—This tree, mis-called “plane” 
in N. England, is indigenous to mountainous Germany, and very common in England. 
It thrives woll near the sea, is of quick growth, and has a trunk averaging 82 ft. loug 
and 29 in, diam. The wood is durable in the dry, but liable to worms; it is chiefly 
used for furniture, wooden screws, and ornaments, -Its weight is 34-42 Ib. a cub. ft; 
cohesive force, 5000-10,000 Ib. ; strength, 81; stiffness, 59; toughness, 111. The wood 
is white when young, but becomes yellow as the tree grows older, and sometimes brown 
near the heart; the texture is uniform, and the annual rings are not very distinct; it 
has no large medullary rays, but the smaller rays are distinct. 

Tamanu (Calophyllum sp.).—This valuable tree of the 8. Sea Islands is becoming 
scarce. It sometimes reaches 200 ft. high and 20 ft. diam. Its timber is very useful 
for ship-building and ornamental purposes, and is like the best Spanish mahogany. 

‘Tunekaha or Celery-leaved Pine (Phyllocladus trichomanoides) is s slender, handsome 
tree, 60 ft. high, but rarely exceeding 3 ft. in diam., affording a pale, close-grained wood, 
excellent for planks and spara, and resisting decay in moist positions in a remarkable 
manner. It grows in the hilly districts of the North Island of New Zealand, end in 
Tasmania. 

Tesmanian Myrtlo (Fague Cunninghamii) exists in great abundance throughout the 
western half of the island, growing in forests to a great size in humid situations. It 
reaches a height of 60-180 ft., adiam. of 2-9 ft., averaging about 3} ft, and has. sp. gr. 
of 0-795, Its price is about 16s, per 100 ft, super. in the log. It is found in considerable 
quantities in some of the mountainous parte in South Victoria. It is a reddish-coloured 
wood, and much employed by cabinet-makers for various articles of furniture. Occasion- 
ally planks of it are obtained of a beautiful grain and figure, and when polished its 
highly ornamental character is sure to attract attention. It is also used for the cogs 
of wheels by millwrights, 

Tawa (Nesodaphne tawa).—A lofty forest tree, 60-70 ft. high, with slender branches. 
The wood is light and soft, aud is much used for making butter-kega. Grows in the 
northern parts of the South Island, and also on the North Island of New Zealand, 
chiefly on low alluvial grounds; is commonly found forming large forests in river fist. 
‘The wood makes fairly durable flooring, but does not last out of doors. 

Tawhai or Tawhai-raie-nui (Fague fusca).—Black birch of Auckland and Otago 
(from colour of bark). Red birch of Wellington and Nelson (from colour of timber). 
‘This is a noble tree, 60-90 ft. high, the trunk 5-8 ft. indiam. The timber is excessively 
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2-3 ft. diam. The timber is chiefly used in the lake district of the South Island of New 
Zealand. Durable and adapted for mast-making and oars, and for cabinet and cooper's 
work. Grows in the North Island on the mountain-topa, but abundant in the South 
Ialand at all altitudes to 3000 ft, 

Tulip (Harpullia pendula) grows in Queensland toa height of 50-60 ft, and yields 
planks 14-24 in. wide, of close-grained and beautifully marked wood, highly esteemed 
for cabinet-work. a 

Walnut (Juglans regia)—The walnut-tree is a native of Greece, Asia Minor, Persia, 
along tho Hindu Kush to the Himélayas, Kashmir, Kumson, Nepal, and China, and is 
cultivated in Europe up to 55° N. Ist, thriving best in dry, deep, strong loam. It 
reaches 60 ft. high and 30-40 in. diam. The young wood is inferior; it is in best con- 
dition at about 50-€0 years. Its scarcity excludes it from building application, but its 
beauty, durability, toughness, and other good quslities render it esteemed for cabinet- 
making and gun-stocks. Its weight is 40-48 Ib. oub. ft.; cohesive force, 5360-8130 Ib.; 
strength, 74; stiffness, 49; toughness, 111—all taken on @ green sample. Of the 
walnut-burrs (or loupes), for which the Caucasus was once famous, 90 per cent. now 
come from Persia, The walnut forests along the Black Sea, which give excellat 
material for gun-stocka, do not produce burrs, which only occur in the drier climates of 
Georgia, Daghestan, and Persia, Italian walnut is worth 4-5id. a ft 

Walnut [Black Virginia] (Juglans nigra)—This is a large tree ranging from Penn 
sylvania to Florida ; the wood is heavier, stronger, and more durable than European 
walnut, and is well adapted for naval purposes, being free from worm attacks in warm 
latitudes. It is extensively used in America for various purposes, especially cabinel- 
making. 

Willow (Saliz spp.).—The wood of tho willow is soft, smooth, and light, and adapted 
to many purposes, It is extensively used for the blades of cricket-bats, for building fas 
sailing sloops, and in hat-making, and ita charcoal is used in gunpowder-making. 

Yellow-wood or Gevl haut (Taxus elongatus).—This is one of the largest trees of the 
Capo Colony, reaching 6 ft. diam. Its wood is extensively uscd in building, though it 
warps much in seasoning, and will not bear exposure. 

Yow (Taxus baccata).—This long-lived shrubbery tree inhabits Europe, N. America, 
and Japan, being found in most parts of Europe at 1000-4000 ft., and frequently oa 
the Apennines, Alps, and Pyrenees, and in Greece, Spain, and Great Britain. ‘The 
stem is short, but reaches a great diameter (up to 20 ft.). ‘The wood is exocedingly 
durable in flood-gates, and beautiful for cabinet-making, Ita weight is 41-42 Ib, a cob 
ft.; cohesive force, 8000 lb. 

As this volume is intended as much for colonial as for’ home readers, it will be 
useful to givo a brief summary of the woods nativo to various localities :— 

British Guiana Woods.—The only wood from this colony which is known as it 
doserves is the greenheart, already described at p. 183, Yet there are several othe 
woods equally worthy of being studicd and utilized ; among them the following wer 
mentioned recently by Dr. Prior at the Linnean Society. “Ducalibolly” is rare red 
wood used in tho colony for furniture. “ Hyawa-bolly” (Omphalobium Lamberti) iss 
raro treo 20 ft. high, known commercially as zcbrawood. Lancewood is variously 
referred to Duguetia quitarensis, Guatteria virgata, Ozyandra virgata, Xylopia sp, ua 
Rollinia Sieberi; there scem to bo 2 kinds, a “ black” called carisirt, growing 50f 
high and 4-8 in, diam., only slightly taper and affording by far the better timber, ande 
“yellow ” called “yari-yari” (jéjérécou in French Guiana), 15-20 ft. high and 4-6in 
diam. ; the Indians make their arrow points of this wood, and the spars go to America 
for cartiago building. Letter-wood (Brosimum aubletii) is useful for inlaying and fr 
making very choice walking-sticks. 

Cape, Natal, and Transvaal Woods—The timber trees of Cape Colony and Natl 
are chiefly evergreens. Their wood is dry and tough, and worked with more or let 
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Stinkwood, Cape mahogany, or Cape walnut: weight, 53 Ib.; cost’ of working, 1°6; 
resembles dark walnut in grain; is used for furniture, gun-stocks, &o.; while working, 
it emits a peculiar odour; stands well when seasoned ; usually to be obtained in planks 
10-16 in. wide and 4 in, thick; there are one or two varieties which are inferior; hr 
furniture, it should be previously seasoned by immersing the scantlings, sawn as smell 
as possible, in a sand bath heated to about 100° F. (88° O.). 

Yellow-wood, Geel hout, or Oomkoba : weight, 40 1b.; cost of working, 1°85; oned 
the largest trees that grows in the Cape, and often found upwards of 6 ft. in diameter ; the 
wood is extensively used for common building purposes; it warps much in seasoning, nd 
will not stand exposure to tho weather; the colour is « light-yellow, which, with the grain, 
resombles lancowood ; it shrinks in length about ,; pert; it has rather a splintery fro 
ture, which makes it very unsafe for positions where heavy cross strains may be 
expected ; for flooring, it does well, but should be well seasoned and laid in narrow 
widths ; planks up to 24 in. wide can be got, but 12-in. ones are more general; it suffers 
much loss in conversion, owing to twisting ; when very dry, it is apt to split in nailing ; 
and is subject to dry-rot if not freely ventilated. 

Willow or Wilge boom: weight, 38 Ib. ; this wood, which grows along the banks ot 
rivers, is of little value, as it is soon destroyed by worms ; but is used where other 
timber is scarce; makes good charcoal. 

Ceylon woods.—In the following list of Ceylon woods, the breaking-weight and the 
deflection Leforo breaking are taken on @ bar 24 in. long and 1 in. square; the sberp 
tive powcr is calculated on o block measuring 12 in, by 4 in. by 4 in.; and the weight 
ropresents 1 cub. ft. 

Alubo; weight, 49 Ib. ; durability, 20 years; use, common house-building. 

‘Aludel: breaking weight, 356 1b.; deffection, 1 in.; absorption, 15 oz.; weight 
51 1h,; durability, 85-70 years; logs average 223 ft. by 16 in.; uses, fishing boats and 
house buildings. 

Aramana: breaking weight, 297 Ib.; deflection, 1} in.; absorption, 18 ox. ; weight, 
57 1b; durability, 50 years; logs average 15 ft. by 18 in.; uses, furniture and hoo 
buildings. 

nae weight, 57 Ib.; durability, 10-30 years: uses, anchors and house-building. 

Burata or Satinwood: breaking-weight, 521 Ib.; deflection, 1 in.; absorption, 
14 02; weight, 55 Ib,; durability, 10-80 years; logs average 19 ft. by 203 in. ; uses, oi 
presses, waggon-wheels, bullock-carts, bridges, oog-wheels, buildings, and furniture. 

Culamander : weight, 57 Ib.; durability, 80 years; ® scarce and beautifal wood; the 
inost valuable for ornamental purposes in Ceylon. 

Daminna: weight, 44 1b.; durability, 40 years; uses, gun-stocks and common hows 
Wuildings. 

Danguha: weight, 23 1b.; buoys for fishing nete, models for dhonies. 

Dawata: weight, 43 Ib,; durability, 25 years; uses, roofs of common buildings 

Del; breaking-weight, 264 Ib.; deflection,  in.; absorption, 17 oz; weight, 40h; 
durability, 20-50 years. ; logs averago 22} ft. by 16 in. ; uses, boats and buildings, 

Dun: weight, 29 II jurubility, 50 years; uses, house buildings. 

Ebony : breaking-weight, 360 Ib. ; deflection, 1} in. ; absorption, 11 ox. ; weight, 71 Ih; 
dumbility, 80 years; logs average 124 ft by 18 in. ; a fine black wood, used largely for 
Ynrildings and furniture. 

Gal Mendora: breaking-weight, 370 1b.; deflection, 1} in.; absorption, 14 on; 
weight, 57 1b. ; dumbility, 15-60 yoars; loge average 224 ff. by 13 in. ; uses, bridges and 
duildings; is the bost wood for underground purposes; also used for reepers (battens) 
for tiling. 

Gul Mora: weight, 65 Ib. ; durability, 30 years; uses, house buildings, and gives bed 
firewood for brick- snd lime-kilus. 

Godapam ; weight, 51 1b,; durability, 60 years; use, roofs for houses, 
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Connarus speciosa: heavy, strong, white timber, adapted to every purpose of hous 
building. 

Conocarpus apuminatus: weight, 59 Ib.; ‘elasticity, 4352; cohesion, 20,628 Ib 
strength, 880 lb.; heartwood is reddish brown, hard, and durable; used for house an 
cart building; exposed to water, it soon decays. 

Conocarpus latifoliue : weight, 65 Ib. ; elasticity, 5088 ; cohesion, 21,155 Ib. ; strength 
1220 Ib,; farnishes a hard, durable, chocolate-coloured wood, very strong in sustainiy 
cross strain ; in Nagpore 20,000 axletrees are annually made from this wood ; it is wel 
suited for carriage shafte. 

Dalbergia latifolia; weight, 50 1b.; elasticity, 4053 ; cohesion, 20,283 Ib. ; strength 
912 1b.; perhaps the most valuablo tree of the Madras Presidency, furnishing the wolb 
known Malabar blackwood; the trunk sometimes measures 15 ft. in girth, and plaka 
4 ft. broad are often procurable, after the outside white wood has been removed ;.tsel 
for all sorts of furniture, and is especially valued in gun-carriage manufecture. 

Dalbergia oojeinensis: centre timber is dark, of great strength and toughnen| 
especially adapted for cart-wheels and ploughs. 1 

Dalbergia Sissu: weight, 50 Ib. ; elasticity, 8516-4022 ; cohesion, 12,072~21,257 Ih 
strength, 706-807 Ib.; ace Biaeu, p. 147, 

Dillenia pentogyna; weight, 70 Ib.; elasticity, 8650; ovbesion, 17,0581b. ; strengt 
907 1b.; furnishing some of tho Poon spars of commerce ; wood used in house and 
building, boing close-grnined, tough, durable (even under ground), of reddiah-b 
colour, not easily worked, and subject to warp and crack. 

Dillenia speciosa: weight, 45 Ib. ; elasticity, 3355; cohesion, 12,691 Ib.; 

‘721 lb.; light, strong, light-brown wood, of the same general characteristics with 
preceding treo; used in house-building and for gun-stocks, 4 

Diospyros Ebenum: see Ebony, p. 182. j 

Diospyros hirsuta: weight, 60 Ib,; elasticity, 4296; cohesion, 19,830 Ib. ; strength 
757 Ib. ; seo Calamander wood, p. 152, 

Diospyros melenoxylon: weight, 81 Ib.; elasticity, 5058; cohesion, 15,873 By 
strength, 1180 Ib; furnishing a valuable wood for inlaying and ornamental turney{ 
the sapwood white, the heartwood even-grained, heavy, close, and black, standing a high 

lish, 
* Diospyros tomentosa: furnishing a hard and heavy black wood; young tress « 
extensively felled by the natives as cart-axles, for which they are well suited from thell 
toughness and strength. 1 

Dipterocarpus alatus: weight, 45 Ib. ; elasticity, 3247; cohesion, 18,781 1b.; 

750 Ib. , timber is excellent for every purpose of house-building, but if exposed 
moisture is not durable; it is hard and coarse-grained, with a powerful odour, and d 
light-brown colour. 

+ Dipterocarpus turbinatus : weight, 45-49 Ib. ; elasticity, 3855; cobesion, 15,070 Ii 
strength, 762-807 Ib.; @ coarse-grained timber of a light-brown colour, not 
worked, and not durable; used by the natives for house-building, in sawn planks, will 
will not stand exposure and moisture. 

Emblica officinalis: weight, 46 Ib. ; elasticity, 2270; cohesion, 16,964 Ib. ; atreng®l 
562 Ib.; furnishing a hard and durablo wood, used for gun-stocks, furniture, boxes, asl 
veneering and turning; is suitable for well-curbs, as it does not decay under water. 

Erythrina indica: furnishes a eoft, white, easily worked wood, being light, but ofa 
strength, and eagerly attacked by white ants; used for scabbards, toys, light boxes sal 
trays, &.; grows very quickly from cuttings. 

Feronia elephantum : weight, 50 Ib. ; elasticity, 3248 ; cohesion, 13,909 Ib. ; strengil 
645 Ib.; a yellow-coloured, hard, and compact wood, used by the natives in house- a 
cart-building, and in some places employed as railway sleepers. 

Ficus glomerata(Gooler): weight, 40 lb. ; elasticity, 2096-2113; cohesion, 12,601 
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hard, yet light, easily worked, and though porous, strong and durable; soon seasoned, 
and shrinks little; used for every description of house-building, bridges, gun-carriages, 
ship-building, &o. 

Terminalia Arjuna: weight, 54 Ib.; elasticity, 4094; cohesion, 16,288 Ib.; strength, 
820 lb.; furnishes a dark-brown, heavy, very strong wood, suitable for masts and span, 
beame and rafters. 

Terminalia Belerica: wood is white, soft, and not used in carpentry. 

Terminalia Chebula: weight, 32 1b. ; elasticity, 3108; cohesion, 7563 Ib. ; strength, 
470 lb.; wood ix used in Southern India for common house-building, but it is light ad 
coarse-grained, possessing little strength, and liable to warp. In Burms it is used fr 
yokes and canocs. 

‘Terminalia coriacea: weight, 60 Ib. ; elasticity, 4043 ; cohesion, 22,351 Ib. ; strength 
860 Ib.; the heartwood is one of the most durable woods known : reddish-brown, hesyy, 
tough, and durablo, very fibrous and elastic, close and even-grained; used for beam 
and posts, wheels, and curt-building generally, and telegraph-poste; is durable ude 
water, and is not touched by white ants. 

Terminalis glabra: weight 55 1b.; elasticity, 3905; cohesion, 20,085 Ib. ; strength, 
840 Ib.; furnishing a very hard, durable, strong, closo and oven-grained wood, of « dart- 
brown colour, obtainable in largo ecantling, and available for all purposes of howe 
building, cart-framing, and furniture. 

‘Terminalia tomentosa: supplies a heavy, strong, durable, and elastic wood ; is, hor 
ever, a difficult timber to work up, and splits freely in exposed situations; good wood fr 
joists, beams, tic-rods, &c., and for railway purposes, and is often sold in the marke 
under the namo of sal, but it is not equal to that wood. 

Thespesia populuca: weight, 49 Ib.; elasticity, 3294 ; cohesion, 18,143 Ib. ; strength, 
716 Ib.; grows most rapidly from cuttings, but the trees 80 raised are hollow-centred, 
and only uscful for firewood; scedling trees furnish a pale-red, strong, straight, ax! 
even-graincd wood, casily worked ; used for gun-stocks and furniture. 

Trewia nudiflora : a white, soft, but close-grained wood. 

‘Ulmus integrifolia: (Elm): « strong wood, employed for carts, door-frames, &c. 

Zizyphus Jujube: weight, 58 Ib. ; elasticity, 3584 ; odhesion, 18,421 Ib. ; atrength, 
672 Ib. ; red dark-brown wood is bard, durable, close and even-grained, and well adsptel 
for cabinet and oriental work. 

New Zealand Woods.—The dimensions of tho specimens described in the following 
table wero 12 in. long, and 1 in. aq, 

















Hinau (Elzocarpus dentatus) .. if a 
Kahika, supposed oad white pine .. +502 | 31°28 57-3 
Kabikatea, "white pine (Podocarpus |, oa || 304g 879 
rydicides), 

Kauri (Dammara australix) . oy 623 38-96 97°0 
Kawaka (Libocedrue Doniana) .. .. | *637_-| 89°69 75-0 
Kohekoho (Dysorylum spectabiley .. | -678 | 42°25 
Kowhai (Sophora tetraptera) .. +88 | 55-11 
Maire, blue (Olea Cunnénghamié) : . 
Maire (ugenia maire) .. 
Mako (Aristotelia racemosa) 
Manoao (Dacrydium colensni) |. : 
Mangi, or mangeo (Tetranthera caltcaris) 621 38-70 
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Podooarpus clata: 24-36 in. diam.; 50-80 ft high; wood is hard, fine-grained, 


flexible, and elastic. 


Sarcocephalus cordatus (Leichhardt’s Tree) : 24-86 in. diam. ; 60-80 ft. high ; wool 
is aoft, but close-grained, of a light colour, and easily. worked. 

Spondias pleiogyna (Sweet Plum): 20-45 in. diam.; 70-100 ft. high; the wood is 
hard and heavy, dark-red, finely marked, and susceptible of a high polish. 

Stenocarpus sinuosus (Tulip Tree): 18-24 in. diam. ; 40-60 ft. high; wood is very 
nicely marked, and would admit of a good polish. 

Straits Settlements Woods.—The specimens experimented on measured 8 ft, by 1} % 


by 13 fe 
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Name of Wood. ; 
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Billian Chingy .. | 60 


Billian Wangy .. | 72| 4%, | 473 


810 


Johore Cedar 410 


Johore Besenoos 
or Kayu Merah. 


2 
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Johore Teak, ory 
Ballow. 








Jolotong .. .. | 29 280 





1038 


1300 


616 


952 


1210 


732 








Hard, close-grained, fine-fibred, but very 
much inferior to Billian Wangy; 
a brownish grey colour; readily al- 
tacked by tates and dry rot; wed 

Very ined ‘ble, heavy, close-grained, 

|, dural 
Tog, ano ible to boat 
by worms or white ants; beams f 
ft. long and 18 in. square can be 
obtained. Very uitable for ronlng 
finbes, girders, joists, and timber 


Much ‘ured for beams of houses and dame 
frames; durable, if kept either wet a 
dry, ‘but rots soon if exposed to sun 
and rain; colour white, Close grained, 
fracture long; has an agreeable amell. 

Well adap ildi 
poses, as in the manufacture. 





Besembles rosewood in nee, and 
used ly in cablnot-work ond 

Well adapted for permanent sleepers, 
beams, piles, ship building, a vies 
ing, and 


strength and saerabite bee : 
Piles which have been in 


Woll adapted for gaiterns and mould- 
ruin very slooy soarly’ any bao 
in ‘an; 
Siar obltide gli, fechas short 
but not very dural 
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result, as shown in Fig. 223. Figs. 224-298 show the same principle applied to s 
timber of various forma, the peculiarities of which are perhaps indicated more clear! 
Fig. 230. Ifwe assume the tree to be cut into planks, as shown in Fig. 229, it will 
found, after ullowing due time for seasoning, that the planks have altered their sh 
asin Fig. 230. Taking the centre plank first, it will be observed that the thicknes 





the middle remains unaltered, at the edge it is reduced, and both sides are round 
while the width remains unchanged. The planks on each side of this are rounded 
the heart side, hollow on the other, retain their middle thickness, but are redo 
in width in proportion to their distance from the centre of the tree; or, in other wo 


233. m4. 336, 





the more nearly the annual rings are parallel to the sides of the planks the greater! 
be the reduction in width. The most striking result of the shrinkage is shown 
Figs. 281-233. Fig. 231 showsa piece of quartering freably cut from unseasoned timb 
in Fig. 282 the part coloured black shows the portion lost by shrinkage, and Fig! 





shows the final result. These remarks apply more especially to oak, beech, and { 
stronger home firs. Iu the softer woods the medullary rays are more yielding, and @ 
slightly modifies the result; but the same principles must be borne in mind if we¥ 
to avoid the evils of shrinking which may occur from negligence in this respect. 
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peculiar direction which ‘' shakes” or natural fractures sometimes take ia due to 

al adhesion of the woody fibres, the weakest part yielding first. In a“cup-shake,” 
separation of a portion of 2 aunual rings, the medullary rays are deficient 

dion. The faait sometimes oeeurs in Dantzic fir, and has boen attributed to the 
lightning and of wevere frosts. So far we have considered the slirinking only 
regards the croes section of various piccee. Turning now to the effect produced 
When we look at tle timber in the other direction, Fig. 234 representa a piece of timber 
the end cut off equaro; as this shrinks, the end remains square, the width alone 
‘Affected. If, however, the end be bevelled aa in Fig. 235, we shall find that in 


it amumes @ more acute angle, and this should be remembered in framing 


, arranging the joints for struts, &0., especially by the carpenters who have to do 

work of fitting the parts. If tho anglo bo nn internal ono or bird’s-mouth, it 
in the sume way become more acute in seasoning. The transverse shrinkage is 
‘considered to the exclusion of any slight longitudinal alteration which might 


m™ 


to the shrinkage, and induce similar difficulties unless this point has 
attention. Of course it will be seen from a study of the cross 
in the diagrams that the pieces might be selected in such a way that 
‘expansion woald take place chiefly in th thickness instead of the 
sve tho bevel unaltered, In this consists the chief art of sclocting 
‘but in many instances motives of economy unfortunately favour the 

‘without reference to their suitability for the purpose required. 
wed that beams having the snousl rings parallel with their depth aro 
ring them parallel with thoir broadth. Thus in the log shown <u 

* 
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and finished upon the sides, 2 pieces of flat steel should be made exactly alike as to 
size, to be riveted upon the sides of the short arm of the square to form the stock. 
To properly locate these pieces, the square ahould be placed upon a surface plate, and 
the parte clamped in position, caro being taken to get them all to bear equally upon the 
surface plate, after which, holes may be drilled and countersunk, and the rivets inserted. 
The angle formed by the cutting edges of the drills for countersinking the holes should 
be nbout 60°, so that when the rivets are driven, and the sides of the back finished, there 
will be no trace left of the riveta, which should always be of steel. 

Close examination may reveal the fact that the blado is winding, or is slightly 
inclined to one side, If inclined, as shown at e, in Fig. 246, the end of the blade oly 
will touch a equare piece of work when the tool is held in © proper position, as 
shown in Fig. 247, where ¢ represents the piece of work, and f the square. Itiss 
custom among machinists to tip the stock, as shown at & and J, to enable the work- 
man to see light under the blade. This only aggravates any imperfection in the 
equareness of the blade, for when the stock is tipped, as shown at k, it will touch 





tho work at g, occupying the position indicated by the dotted lines g,g; wheress, iftte 
stock be tipped, as shown at J, tho blade will assume the position indicated by the 
dotted lines h,h. These conditions will exist when the hlade of the equare is i- 
clined, as shown at e, in Fig. 246. If the blade is inclined to the left, a precisely 
similar condition will exist, except in the reverse order. It is next to an impos 
bility to perform accurate work, or test the same with @ equare having a thick edgy 
because of the reason already stated that the light cannot be seen between the cig 
of the blade and the work. 

Tho most ingenious tool for overcoming the foregoing difficulties is a sort of sit 
proving square, made by @ machinist in New York. This is shown in Fig. 248, and 
consists of a steel beam j, shown in bottom view at k. In the end of this beams 
a hole for the reception of a screw, with @ common bevelled head. A square pice 
of steel, 1, m, forms the blade of this equare, » representing the end of th. blade 
The blade is first planed, then tapped and hardened, after which it is ground # 
bring the sides exect., parallel and of equal size, which makes the bar perfedly 
mare. ‘The stock is of a rectangular section, and, with this exception, is hardened 
and ground in the sume mannei as the blade. Theend ‘he screw is then carefully 
ground at right angles to the sides, after which the parts are vut together and the acrew 
intightened, If the bladc is not precisely at rig angles to the stock, it will occupy s 
position indicated by the dotted line v; then, if the screw be loosened and the blade 
turned half « revolution, the edge will stand as shown by the dotted line at p. 

‘Tho end must be 9 ground that the boned wil Soeee. Lars bre same Pre 

en tu in all positions. When accomplished, square isa 
A ee eat i tet. ‘The accuracy of work is tested with one of tt 
eorners; when it becomes worn, another may be turned into position; and when all #0 
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compasses ; Fig. 268, wing compasses; Fig. 264, spring callipers; Fig. 265, inside ad 
outside calipers; Fig. 266, improved inside and outside calipers. The method of wing 





these instruments is sufficiently obvious from their shape. Ordinary usefal sixes muy 
in price from 1 to 5e. Churchills have several new forms. 

Trammel.—This is employed for drawing elliptic or oval curves, and is represmiel 
in Fig. 267. It can be purchased with varying degrees of finish, or may be home mads 
in the following manner :—Two strips of dry hard wood a, 18 in. long, 1} in. wide, aal 
2 in. thick, are ploughed down the 
centre to a depth of 3 in. end a width 
of 2 in.; one is let into the other at 
right angles eo that the bottoms of the 
grooves or channels are exactly flush, 
and tho structure is strengthened by 
having a piece of thin sheet brass cut 
to the shape and screwed down to its 
upper surface. Noxt 2 hard-wood 
blooks 1} in. long are cut to slide 
easily but firmly in these grooves, 
their surfaces coming barely flush with 
the face of the instrument. A hole is 
drilled nearly through the centre of 
each block and about y, in diam., to 
admit the pins b; and thin strips of 
brass are then screwed on to the 
surface of the inatrumont in euch a 
manner as to secure the blocks from 
coming out of the grooves while not interfering with the free passage of the pins si 
blocks along the grooves. To this is added the beam compass ¢, which consists d* 
straight mahogany ruler with a narrow slit down the middle permitting it to be adjusted 
on the pins. These last may be of brass or steel wire with a ahoulder and nut, asstd; 
they are fixed at the required points on the ruler c, and then inserted in the holes it 
the blocks, where they are free to revolve. A hollow brass socket ¢ fitted with a pel 
is aleo made to screw on to the beam, and forms the delineator. 

Shooting-board.—This implement, Fig. 268, is for tho purpose of securing a true surfte? 
and straight edge on wood when planing. It is generally made by fastening one bani ' 
on another in such a way as to form a step between them; shooting-boards made by 
gluing 2 pieces of board together, are very apt to twist and cast through the actin 
the air, and once ont of square, are very hard to set right, generally requiring to be pallel 
spart, and made again. The following plan renders this unnecessary :—Take 2 bos 
(of the length you require the board, ‘allowing at least 1 ft. extra for the plane to ret} 


367. 
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made independent and accurately ground, can be reversed for an inside callipe d 
larger scope, or used for depth gauge, &c. The beam is graduated to G4tu ina 
one, and 100ths on the other, The 4-in. size costs 18s, with adjusting screw, o Ife 
without, 

The steel calliper-rule is shown in Fig. 271; when closed it is 3 in. long, sad the 





calliper can be drawn out to measure 2} in. They sre accurately graded, and dumbie; 
cost, 8s. 6d. 

Btarrett's combined try-equare, level, plumb, rule, and mitre, is shown in Fig. 2; 
the various parts are: a, centre head forming centre square both inside and outsids, 
one scale fitting both heads; 6, square; ¢, mitre; d, rule; ¢, plumb level. Ass ty 
square, it is a substitute for every size of the common kind, and more compact; § 
centre aquare, it gives both inside and outside grades; as a mitre, it affords both keg 

. 








‘and short tongues; and it can be used as a marking gauge, mortice gauge, or T-9uut 
Tho 4-in. size without centre head or level costs 4s. 6d., and the complete tool may 
had for 11s. $d. for the 6-in. size to 15s. 9d. for the 12-in. 

Ancs's universal or centre aquare is shown in Fig. 278. For finding the centred 
circle, as in A, tho instrument is placed with its arms b ae resting against the ciwar 
ference, in which position one edge of the vertical rule a d will cross the centre. lft 
lino be drawn here, and the instrument be similarly applied to another section of th 
circumference, and another line be drawn crossing the first. the point of crossing will 
the centre of the circle. B illustrates its use as a try-square at m, and as an oui? 
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jaws to securely grasp the work and at the some time lock the swivel. ff the lanlly 
should not go low enough for convenience, ic can be made to go lower by depeesiseil 
just before it touches the work to be held, If the vice swivels too easily, drive in tbr 
key W in tho bottom plate; but if 
it does not turn casily enough, 
drive out the key a little. If the 
handle fails to remain in a horl- 
zontal position, the screw S can be 
tightened to hold it, Care should 
be taken that the screw N is down, 
son to keep the rack H from lifting 


amt, 


a8, 








with the clutch G. The sliding jaw ean be 
removed by taking out the pin at the end of 
the slide, keeping the handle horizontal. 
If grease or dirt gets on the rack H, the 
slide should be withdrawn, and the rack and 
clutch thoroughly cleaned. Sizes and prices 
vary from 2-in. jaw, opening 2 in., weighing 
6lb,, cost 22s. Gd., to 5-in. jaw, opening 6 in., 
cost 95s. 

A very handy little “instantaneous grip” 
vice, sold by Melhuish, Fetter Lane, is 
shown in Fig. 282; the size with 9-in. jaws 
opening 12 in. costa 14s. 

The picture-frame vice illustrated in Fig. 283 is a useful novelty, sold by Chur 
It is operated by means of a cam lever attached to a treadle, thus allowing 

freedom to both hands of the workman, It is easily end quickly adjpated of mowk 
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‘varks for they merely engage without rubbing. Great solidity and strength are added 
> Yer morable jaw by a projection from the stock strengthened by two upright fangs 
Qeanaamally pat a drop of oil on the cam C and tooth M. 


284, 








Fig. 285 represents Stephens’ adjusting taper attachment, for holding all kinds d 
taper ov irregular work; and Fig, 286 illustrates the pipe attachment for holding g 
piyes oe round rods, The width of jaw varies from 2 to 6} in; opening, 2+11 i: 





\wee 


ee 14 180s, with plain base, or 18-176¢. with swivel base; taper attachment ox 
\ pipo attachment, 12«. 67.-36s. . ; 
oe abs ten ‘an essential part of the earpenter’s bench, and will be further sctiel 
t wotion (p. 261). ; , | 
oe ane The ordinary carpenter's clamp (or cramp), shown in Fig. 287, is exnplayel 
$e Myghtoulug up the joints of boards, whether for the sparpote of nailing or to at 
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unclosed by turning the handle c. The temporary mandrel of the saw may be 
in either of the holes of the clamp standards at d, 20 as to bring the saw to the ri 
height in the jaws. 

Bench clamps and holdfasta will be described under another section (p. 259). 

Rasrmic Toors.—These comprise the various forms of saw as well as files ent. 
Taspe, 

Saws.—The saw is a tool for cutting and dividing substances, chiefiy wood, 
consisting of a thin plate or blade of stcel with n series of sharp teeth on one edgy! 
which remove successive portions of the material by cutting or tearing. Some rey} 
sentative examples of handsaws are illustrated below: Fig. 292 is @ panel and ripping 


292, 





saw ; Fig. 293, 8 grafter saw , Fig. 294, a tenon saw; Fig. 295, a dovetail saw; Fig. 298, 
an iron bow saw; Fig. 297, a frame turning saw. 

Principles.—The saw is essentially a tool for use across or at right angles to the fibresel 
the wood, although custom and 
convenience have arranged it 
for use along the fibres, still not 
when those fibres are straight 
and paralicl. If in the growth 
of timber there wes not any 
discontinuity in the straight 
lines of the fibree, then all lon- 
gitudinal separation would be 
accomplished by axes or chigels. 
It is because this rectilineal 
continuity is interrupted by 
branches and other incidents of 
growth that the saw is used 
for ripping purposes. Were not 
some tool substituted for the 
wedge-like action of the axe, 
timber could not as a general rule be obtained from tho log with flat surfaces. Hence 
the ripping saw, a tool which is intermediate between an axe and a saw proper. To 
study the saw as a tool fulfilling its own proper and undisturbed duties, it must be 








regarded in the character of a cross-cut saw. In this character it is called upon to meet 
the two opposing elements—cohesion and elasticity of fibre. 
Zo deal with the treatment of fibrous wood at right angles to the length of the 
































200 CarrenTRy—Rasping Tools. 


passing, be well to remark that in marble cutting, where the -apparent saw is oly 

blade of metal without teeth, this want of mctal teeth is supplied by sharp and, each 

grain of which becomes in turn a tooth, all acting in the manner of a file, and not sa 

proper. A former method of cutting diamonds was similar to this. Two thin im 

wires were twisted, and formed the atring of a bow. These were used ass mv, tie 

movable teeth being formed of diamond dust. A similar remark applies to « butchers 
saw ; its metal teeth really act as files. 

For the purpose of separating » bundle of fibres, the “edge” cannot be the op 
with which wo are familiar in axes and chisela, Such an edge drawn scroes wil at 
fibres on a surface only; this is insufficient, for a eaw is required to cut fibres below s 
surface. 

Tho tearing also of upper fibres from lower ones is not consistent with true wat: 

To uctually cut or separate these ia the question to be considered, and the simple amwe 

is another question. Can a narrow chisel be introduced which shall remove the pict 

of fibre whose continuity has been destroyed by cutting edges previously alluded tt 

If 4o, then an opening or way will havo been found along which the back or strength 

ing part of the cutting edge can be moved. If, however, we look at the work ds 

single cutting edge, we notice that, although the continuity of the fibre is destroyed, 
the soparated ends aro «till interlaced amongst the other fibres, To obtain « pia 
removable as by 8 small narrow chisel, it will be requisite to make a second al 
parallel to the first. This being done, there is the short picce, retained in postia 

by adhesion only, which must by some contrivance be removed, for it is in the 1}, 

and the room it occupies is that in which the back of the cutting edge must more. Tv 

slide, as it were, a narrow chisel along aud cut it out is more simple in suggestion tha 
in execution. 

There is another defect upon the application of what at first secms sufficient it 
principle, but only wanting in physical strongth—it is the absence of any guide. T 
draw a pointed cutting ede along the same deepening line needs a very steady hunt 
and eye. This considcration of the problem requires that some guide principle maa 
enter. 

To increase the number of cutting edges, and form as it were a linear seqnence d 
them, may give a partial guidance, apd if the introduction of our chisel suggestion 
impracticable, then another device must be souglit. Instead of the 2 parallel euttes 
it will be possible to make theso externally parallel but internally oblique to the line d 
cut, in other words to kharpen them us an adzo is sharpened and not as an axe, apd it 
doing so one obstacle will be removed, it is true, but a blemish which was non-exisat 
will appear, ‘The combining obliquity of the dividing edges will 20 presa upoo tt 
intervening picco of fibre us to press it downwards into and upon the lower fibres, the 
solidifying, and, in go far as this is done, increasing the difficulty of progressing through 
the timber. 

Note the mode of operating, as shown by Fig. 298. The portions of wood abd ai 
eed have been removed by the gradual penetration of the oblique arme—not only be 
they been cut, but they have been carried forward and backward and 
removed, leaving a clear space behind them of the width ae. But how bad 
with regard to the portion within the oblique arms? That part would 
either bo left as an impeding hillock, or it would have to be removed by i 
the introduction of such a plan as making rough the insides of these 
oblique arms. If we consider the nature of the material left, it will be 
admitted to consist of particles of woody fibre adhering to each other €! 
ouly ly the glutinous or gummy matter of the timber, and not oohering. 

If the breadth ae is not too large, the whole of the heap would be rubbed away by tt 
power exerted by the workman, There will therefore be not only economy in power, bt 
economy also in material in uprrowipg @ €. Vi aention, be given ta The Lormof the pie 
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but although the ancients and the workmen in Asia are of this way of thinking, ytia 
England the opp site practice is adopted. It may be well to give a few minutes totha 
braueh of the subject. 

‘The form of a caw must in one dimension at least be very thin, and that without say 
opportunity for strengthening any purt by means of ribs. When a strengthening bus 
introduced at the back as in dovetail saws, the depth of cut is limited. In onde, 
then, to permit the guide principle to operate efficiently, this thin material mut le 
eo prolonged as under all circumstances to guide the cutting edge in a straight lim 
Of course we aro dealing with saws to be used by hand, and not with ribba« 
machine-driven saws. 

If a light saw blade be booked on an object, or placed against one, then tens 
causes this straight blade to be more and more straightened. On the contrary, if preael 
forward by thrust, the weakness of the blade is evidenced by the bending. Now, forme 
as saw teeth are, either to cut in both directions, or in the forward direction oaly, 
then thero ix always one direction in which the work to be.done is accomplished by 
thrust upon this thin metal. Clearly the metal will bend. If, however, the teeth # 
such as to cut in one direction only, and that when the tension is on the metal, the wat 
tends to preserve that straightness of blade upon which an important quality and ued 
tho tool depends. That this tension system can be efficient with a very narrow blade 
clear from the extensive use of ribbon saws, There is, however, a property in ts 
breadth of the blade which applies equally to the tension and thrust systeme—it is tht 
guide principle. The breath of the blade operates by touching the sides of the gue 
way opened by the teeth. When it is desired to dispense with a straight guide fe 
sawing purposes, it is dune by narrowing the blade as in lock saws, tension fram 
saws, &e, 

There ia obviously a limit to the required breadth even for the most effectnal guit 
ance and movement: this guidance should be uniform through the entire cat; hess 
upen the guide principle ulone, there is required a breadth of saw beyond what 5 
requisite for the teeth. The reneoning hitherto has landed us upon a parallel bladed 
uome (as yet) undecided breadth. When one of our ordinary hand cross-cutting awsis 
examined, it is observed to be taper and not parallel, the tapering being at the edge 
back, where the teeth are not, This has been done to mect our practice of using thew 
a8 an instrument for thrust instead of tension, When the teeth near the end farthest 
from the handle are to operate, and there is no steadiness obtained from the guidsnced 
the sides of the already separated timber, then the whole of the thrast must bt 
transmitted through the necessarily thin blade. An attempt to compensate for this thir 
ness by inereasing the breadth is the only course open. It is one not defensible wpa 
uny true principles of constructive mechanism, for it is not in the increased breadth # 
extension of surface that resistance to bending is wanted, but it is in the thickness, an! 
that is impracticable. 

In thrust saws, the hand and the arm of the workman occupy a definite position, ead 
the lino of pressure on the saw is thus very much determined by the inclination of the 
handle (that part grasped in the hand) to the line of teeth prolonged backwards. Ifthe 
hundle be phiced at such an angle that a Inrge part of the resolved thrust be perpendt 
cular to the line of tveth, then the “ bite” may be greater than the other resolved porti® 
of the power can overcome. At another angle the “bite” may be very little, al 
although the saw thus constructed would move easily, it would work “sweetly,” be 
slowly. Tho construction is suitable for sawa with fine teeth and for clear cuttings. It 
will be seen from these considerations that there should be preserved a very carefully 
considered relntionship between the size and angle of the teeth and the position in whict 
the handle is fixed, or rather the varying adaptability of the workman's thrust. Indeed, 
upon fully doveloped and avcurate principles, the timber to be cut should first br 
examined, its fibrous texture determined physically, end o ew edu, hom thee dah, 
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double-cutting results from an ‘observation on two carefully-toothed shot 
elementary saws, where it will be noticed that the form of tooth to cut both 
resulting from the combination, is M. The set of this large “ one-man saw 
of notice, An inspection of the cutting points will show that each point is dit 
from the plane of the saw blades not more than about yy in. When the objec 
“set” is considered, it will be allowed that 20 little is sufficient. 

The annexed diagrams (Fig. 802) of teeth of certain cross-cut saws used in 
may illustrate the present subject. A single tooth will in some instances be 
between the M teeth: thie is a “clearance” tooth, and is generally shorter tha 
cutting tooth. Sometimes it is hooked, as may be seen in 
by gy in. than the cutting tecth, and acts the 
part of a plane iron by cutting out the pieces 
of fibre separated by the other or cutting 
teeth, which cutting teeth under these cir- 
cnmstances are lnncet-like sharpened to very 
thin edges. 
That the “set” of the teeth should be 
uniform in the length of the saw follows 
from a moment’s reflection upon the object 
of this set. If one tooth projects beyond the 
line of the others, that tooth will clearly 
scratch the wood, and therefore leave a 
roughness on the plank. As more than its 
share of work is then allotted to it, the 
keenness of edge soon leaves it, and thus 
increases the labour of the sawyer. The 
American contrivance for securing a uni- 
formity in the set of the teeth is the “ side- 
file.” The three set screws determine the 
elevation of the file above the face, and the 
travel of the short length of fine cut file 
va ull excessive “sets” to a8 uniform 
through the entire length of the saw. 
The “crotch punch” is alyo an American 
contrivance for obtaining a clearance set out of o spreading of the thick steel of the st 
by an ingeniously formed angular punch, A 

It ‘asionally required to saw certain cuts to the same depth, as, for instance, 
the making of tenons. The saw to which the term “tenon ” is applied is more suited ie 
cabinet than for carpenteis’ work. However, an ordinary saw may be provided wit 
u gange, which can be adjusted 20 as to secure a uniform depth in any number of elt; 
and in this respect it is even superior to a tenon-saw, and may be suggestive to st 
whose lnbours might be fueilitated by the adoption of such a contrivance. 

The rip-saw considered as a cutting tool, may be likened to e compound chisel, and 6» 
form of tecth which would operate with the least application of power would be the mst 
as that of @ mortising chisel; but knots and hard wood are conditions which call 

teeth, rendering the chisel form impracticable, except for eawing clear lumber, a 

with a high degree of skill in filing and actting. Tho limit of endurance of such sed 
a+ must be employed for saws, will not admit of pointed teeth; these will breek # 
cutting through knots and lard wood, and no form of saw-teeth which permits the 
points to crumble and break should be adopted. Iu actual practice, with the skilled 
filer, there isa tendency to create pointed saw-teeth, and when there is a want of skill # 
the filer the tendency is the other way, end teeth unnecessarily blunt are common. “Th 
action of a saw when ripping or cutting With the Sres of the wood ia entirely diieenst 
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‘The following table includes saws generally used by mechanies who work wiod 4 
hand :— 




















Len 
Names. 7“ 

Without Backs, 
Ripew 2330 | 7-9 | 3-4 | 0-05 4 
Fine ripsaw 3... 26-28 | 6-8 | 3-3} | O-o | 4 
Hand-saw .. .. | 22-24 | 5-7) ) 23-3 | o-o | 5 
Cutoffeaw 1. 1... | 22-24 | 57h | OS | O-WR | 6 
Paneleaw .. .. .. .. «| 20-24 | 49-78 | 2-2 | 0-088 | 7 
Fine panclaw.. . .. ..| 20-24 | 4-6 | 2-2 | 0-095 | 8 
Sidingeaw.. .. .. .. .. | 10-20 | 23-34 | 12-2 | 0-092 | 68 
Tablesaw .. 1¢-24 | 1-13 18 
Compass or lock-saw 1-1 tt! cy 
Keyhole or pad-saw .. til] +3 5, ou 

With Backs. 

Tenon-saw.. .. «. -. «| 16-20 3t43 | 0-032 | 10 
Soshsow .. 5. 1. 1 4 | 1416 2\-3 | 0-028 | 
Corease-saw  . vs | 10S 2-8 | 0-025 | 1 
Dovetail-saw .. 1. 0. 1. | 6-10 14-2 «| 0-022 








(Holtzaptel) 


Hodgeon made a number of experiments on eaws to test thelr qualities 
and after using them in various ways, fairly and unfairly, he smiel 
at the following conclusions :— 
(1) That a saw with a thick blade is, 9 casca out of 10, of a very inferior quality, «al 
is more apt to break than a thin-bladed saw; it requires more “set,” will not stand @ 
edge nearly #0 long as @ thin one, is more difficult to file, and being heavier and cattig 
a wider kerf, is more tiresome to use. 
(2) Saws hung in plain becch handles, with the rivets flush or countersunk, st 
lighter, easier to handle, less liable to receive injury, occupy less space in the tool che 
and can be placed with other saws without dulling the teeth of the latter by abit 
on the rivets. 
(8) Blades that aro dark in colour, and that have a clear bell-like ring when stret 
with the ball of the finger, appear to bo made of better stuff than those having « ligt 
iron-grey colour; and he noticed, in proof of this, that the thinner the blades were, &# 
darker the colour was, and that saws of thia description were leas liable to “ buckle”# 
“ twist.” 
(4) American-made saws, as a rule, are better “hung” than English oues, Ash 
where beech is used for handles, and the rivets are flush or countersunk, all ot 
things being equal, the American make is the most desirable. 
(5) Polished bindes, although mechanics havo a strong prejudice against them, a 
freer and much casier than blades left in the rough, and they are less liable to rast 
(6) Saws that ring clear and without tremor, when held by tho handle in one heal 
and struck on the point with the other hand and held over at a curve, will be found ® 
be well and securely handled; but saws that tremble or jar in the handle, when set 
on the point of the blade, will never give satisfaction. 
Selecting. —The following valuable suggestions on the purchasing of saws are git 
by Disston, the well-known saw-maker of Philadelphia. The first point to be 
in the selection of a hand-saw ia to see that it “hanga” right. Grasp it by the had? 
and hold it in position for working. Then try it the handle Sta the hand propait 
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cut. Grease should be applied freely to lubricate the teeth. Sometimes the sw-bam 
is dispensed with and the work is Inid on the bench and held down by the hand or ly 
mechanical contrivances, either with the end of the stuff hanging over the end of te 
bench, or with the edge hanging over the side. The operator can then stand erect ats 
work and can use one or both bunds. Continental workmen often use the ripe wih 
the back of the saw towanls them; they place the work on saw-horses and comman 
in the usual way, then turn round and sit on the work and drive the saw before thes, 
using both handa. 

For cutting wide tenons, the stuff is first gauged with a mortice gauge (p. 196), al 
then scoured in a bench vice in a moro or Jom vertical position. ‘The saw is fat 
applied in an almost horizontal position, the workman taking care to adhere to the im 
eo that the tenon may have the proper size when done. As soon as the saw has ental 
th it is inclined in such a way as to cut down to the bottom of the mark aie 
side farthest from the operator. When that has Leen reached, the stuff is reversed, al 
the eaw is worked in an inclined position till the opposite shoulder has been reseed 
This gives the limit of the cut at each edge, leaving a triangular piece uncat int 
middle of the elit, which is finally removed by eetting the work and using the awina 
exactly horizontal position. ilitates working with trath and accuracy tos 
square. Large work is beat done with a rip-saw; aiall, with a hand- or panclat. 
The left hand seizes the wood to steady the work and the workman. The wrkwa 
makes a cut with the grain of the wood, which should always be the first half te 
performed. When the longitudinal cuts have been mide, the eross-cuts or shoaldens 
anade by laying the wood flat on the bench against a atop. 

For cross-cutting timber, the hand-saw is commonly used; the teeth are finer tht 
in the rip-saw, and are set a little more to give greater clearance in the kerf, as the tol 
is more liable to gain when cutting across the fibres of the wood. ‘The saw is heldin 
the right hand, the left hand and left knee being placed on the work to steady it oat 
saw-hones. The workmun must proceed very cautiously towards the end of the eth 
and provide some support (generally his left hand) for the piece which is sbont tol 
detached, or it will tinally break off and perhaps produce long splinters thst vil 
render tho work uscless for its intended purpose. When cross-cutting on the bench, it 

work rests firmly and flat on tho bench, the end to be removed hanging over the ## 
vo that it can be held by the left hand. Unless the piece is very heavy, some mast 
must be provided for holding it still during the sawing, or a slight movement may (vit 
and damage the saw. 

For sawing work that is slightly curved, a narrow rip-saw must be used, and 
kerf must be kept well open by inserting a wedge. In ripping plauks or tenons, bi 
honda may be used to advantage in guiding the saw. In all cawing, the tool should 
grasped in the right hand, while the left may rest on the material, or may be wed® 
assist in working the saw. In the first few strokes, the length and vigour of the stra 
of the saw should be gradually increased, until the blade has made a cut of 2-4 in® 
depth, after which the entire foree of the arm is employed : the saw is used from poitt 
to heel, and in extreme enses the whole force of both arms is used to urge it formm 
In moat instanees, little or no pressure is directed downwarde, or on the teeth; wit 
excessive effort is thns applicd, the saw sticks so forcibly into the wood that it refast 
to yield to the thrust otherwige than by assuming a curved form, which is apt permanently 
to distort it. The fingers should never extend beyond the handle, or they may be 
pinched betweon it and the work. To acquire a habit of sawing well, the work shoal 
as often as practicable, be placed either exactly horizontal or vertical: the positios d 
the tool and the movements of the peraon will then be constant. The top of a 
benches shout be level. The edge of the eaw should be exactly perpendicolar, whe 
seon edgowaya, and nearly 60 when seen sideways: the eye must narrowly watch t 

path of the saw, to check its first disposition to Aepart from the line wet out for it: lok 
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saw teeth should have a tooth space equal to $ the width of the blade for soft wood, ant 
} for hard, while the depth of the tooth in each case should be } the width of the blada 

The length of tooth is governed by the hardness af the wood, the longest testh being 
beat adapted for wet, fibrous, and eoft woods, as giving 
greater clearance; but more care is needed in having a asl 
moderate and regular set. 

The angle of saw tecth may vary between about 60° 
and 40°. The fundamental angle is 60°. This may be 
in the form of sn equilateral triangle for hard and 
knotty wood, but for soft wood it is better that all the 
pitch should be on the cutting face,—an upright edge 
with sloping back. For varied work the usual angle is 
40°, the pitch being equally divided. Teeth of any angle 
but 60° are not so readily filed with an ordinary file. 

‘The degree of rake may increase in proportion to f 
the softness of the wood; in hard woods it causes a 
tendency to spring in. It may also be greater in a 
circular saw on account of its greater speed. Fig. 304 1 
(from Grimshaw) shows various degrees of rake, the 3 
arrows indicating the direction of the strain. 

The set of a tooth may be either “spring” (bent) or “ swaged” (spread) The! 
cut only on one side, have more tendency to spring in, and are more subject to side strains: 
the latter cut on both sides, unless they are sheared, and they are leas liable to spring 
in and suffer from sido strains. The more gummy the wood, the greater set is needed. 
Circular saws require more set than straight ones. 

The fleam or side angle of the teeth varica from 80° or 90° horizontally for had 













304. 


VARY 


woods, to 60° or 70° horizontally and 30° or 35° vertically for eoft. It is most effect 
in the case of soft woods free from knots; ‘and should not accompany a bent sh # 
both tend to aggravate the tendency to spring in. 

‘Tho gullet or throat should always be rounding and never square, as the latter om 
dition gives a tendency to crack. Fig. 305 (modified from Grimshaw) shows when 
gullet requires deepening, by a process known as“ gumming.” The tooth aisin pert 
order ; b is still capable of doing good work; but e demands gumming. The higher 
speed and the fueter the feed, the greater the necessity for rounding the gullet, especially 
in band-aaws. Spaulding’s rule for finding the amount of gullet in aq. in. per tooth it 
circular saws ia to double the number of cub. in. of wood removed at one revolution, sl 
divide by the number of tecth. Insufficient gullet causes choking, heating, and unev 
running. 


The depth, fleam, hook, and rake of teeth may increase in direct proportion to 
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rubber, or a few folds of paper between the saw blade and the jaws of the clamp. The 
t be no shake or jar in the saw while ander operation, or the teeth of the fe 
will be damaged. 

To put a saw in order, the first thing to be done is to joint the tops of the teeth, « 
render them uniform in length. This 
is termed “top-jointing” in straight 306, 


saws ond “rounding” in circular saws 
To carry it out, Hodgson recommends KF 
the following cheap and expeditious 
plan. Procure a block of wood, say 
6 in. long, 8 in. wide, 1 in. thick, 


dressed straight and true, then nail a 
similar piece on one edge, thus form- 
ing a corner in which to place a file. 
The file can then be held with the 
fingers, or be secured in various waya. 
Place the file flatly on the teeth, and 
press the larger block against the side 
of the saw blade, then file off the 
points of the longest teeth until the 


file just touches the extremities of the 
short teeth. It is important that the file be held in such a position that it will uh 
off the points exactly at right angles with the blade, otherwise the teeth will be luge 
on one side than the other, which will cause the saw to deviate or “ run” more or 
Grimshaw remarks that the operation is generally performed with a fiat or “mill” Sa 
although it may be done with a plane emery rubber or a whetstone. “ Side-jointisg” 
is the term applied to a process for correcting irregularity in the set, or preventing unis 
side projection of any tooth; each tooth is thus made to do only its fair share of the wah, 
and scratching or ridging of the sawn surface is avoided. It is most effeotive on swsgwl 
eeth, and is performed by a side file set in an adjustable clamp as shown in Fig. 01. 
Very useful adjuncts to inexperienced workmen are the ao-called filing guides, whid 
determine the angle of contact and degree of force with which the file is appli 
Fig. 308 shows a simple form, easily worked, and sdapted to both straight and ciresht 

























saws. The saw is held in the clamp a. On the guide isa circular plate b gradusted ® 
a ecale for setting the file toa bevel for either side or aquare across the saw. Legié 
extend from the plate over the clamp into grooves in the sides of the clamp. On t 
nether side of the plate b are a number of grooves corresponding te the scale on tt 
edge, and into which a raised rib on the urched piece ¢ mashes, eniia bAA in yarn th 
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In order to get the correct pitch of the tooth, the loose bushing, throngh which the fie 
carrier passes, must be perfectly free, and by pressing the file down between the tec, 
you have the pitch. This bushing is held in ita proper position bya set screw. Alvept 
file from the handle toward the point of the saw, and never press down upon the fla 
when it is being drawn back. Having filed one ide of the anw, it should then be 
reversed with the handle at the left. Then swing the handle of the file to the le, 









bringing the file across the saw to the correct bevel. The pitch of the tooth is sgain 
be obtained as before. The price, including 1 file, is 20s. 

The files employed for sharpening saws include flat (“ mill ”), triangular, round (te 
gulleting), and special shapes, varying of course in size and in grade of cut. The with 
of the file should ulways be double the width of the surface to be filed. Preferences 
given to files in which the grade of the cut (distance between the teeth) incresses pr 
gresively from point to heel; with this exception, hand-cut files are esteemed super 
to muchine-ent. For small teeth set at 60° it is convenient to use a file which wil 
sharpen the back of one tooth and face of the next at the sametime. “ Float” orsinge 
cnt files are the best. Double-tapered triangular files are not to be recommended; 
when used, they should have a button at the point end. Files for bund-saws are mait 
with rounded angles to suit the gullets of the teeth. Order and regularity in filing « 
essential. Common rules for filing are: (1) File the faces before the backs; (2) if tie 
tecth are to be equare, file in regular succession—I, 2, 3, 4; (8) if they are to have fam. 
file 1, 8, 5, 7 to right, und 2, 4, 6, 8 to left; (4) file the fronts of all teeth set from yo 
and the backs of those set towards you. (Grimshaw.) 

In sharpening eaws by means of emery wheels, the speed of the wheel has great 
fluence on the cutting action. The coarseness or fineness of the grit composing the whed 
must be suited to the nature of the work. The average apeed of periphery adapted St 
most purposes is 4500-1000 ft. per minute, the slower speed being for wheels of 13 ® 
diam. and less, Thexe wheels are only employed satisfactorily on large circular sawe* 

Setting, whether of the bent or epread kind, is performed both by simple hand-toay 
and by more modern and complicated appliaueca, 

(a) In bent setting by blows, the saw is laid nearly fiat with its teeth along t 
ridge of a round-edged anvil beld in » vice, of varying curve to produce an angle suitel 

to the character of the saw, or the saw blade ia gripped im a Wotitontal vine close to tht 
@ See Mesers. Luke & Spencer's advertisement of Emery Discs, pags \ Front Bai taper, 
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is simply hang up over the machine on a wooden bracket, and the lower part 
pendent near the floor. 

(©) Spread setting is generally perfurmed by “crotch punches” or “ upset 

having suitable outline and faces, applied to the tooth-point by sharp blows fro 
hammer. There should be 2 notches, one for spreading the tooth- 
point and the other for regulating the side play and making the cutting m 
edge concave when necessary. Cure should be taken (vu always leave 
sufficient metal behind the corners of the saw teeth, or they will 
break off. The accompanying illustrations, reduced from Grimshaw, 
represent the edges of tecth when “ swaged" or “upset.” In Fig. $14, 
@ is the best attainable in practice; b has extremely weak corners. 
In forming the swage, the tool should be held so as to deliver the 
blow in a straight line with the fuce of the tooth, otherwise cracks 
may be started in the gullet, especially in frosty weather. 

‘Many appliances for bending and spreading teeth are described in 
Grimshaw's large work on ‘Saws.’ The crotch-punch of ordinary 
form is shown in Fig. 315. It is made of steel and case-hardened in 
the fork, where it comes into contact with the points of the saw 
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teeth. ‘There is much difliculty in making crotch-punches of a satisfactory oh 
as the tempering hus to be extremely hard just for the jaws, while if it rune 
too far they have a tendency to split. They should be fitted with a side guard 
prevent the operator's hand being 
injured by the punch slipping 
offa tooth. This guide may be 
made to cerve also a6 n means of 
keeping the punch central or of 

ing it an inclination to either 
side. Crotch-punches have been 
introduced which are claimed to 
act on the teeth behind the 
cutting edge as well as at the 
edge, spreading the teeth with- *_ 
out reducing their length and 
consequently the diameter of the 
saw (circular). Fig, 316 is a 
diagram of the end of the punch 
with part of the covering sleeve 
removed to show the form. Ifa 
tooth is struck with the convex-sided lower angle, the resulting tooth is as shown 4t 
a second blow with the upper angle produces tho ‘inttened and double set tooth 

Disston’s revolving saw set is shown in Fig. 811. Vis price 1s 18. 8. ora) 
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the latter is for harder wood and for mitreing. The thinness of the blade of the 
saw is compensated for by the extra back, which must be kept tightly in place. 
(3) The fleam tooth is illustrated at f (Fig. 320). It is only adapted for 
clean soft wood, which it cuts rapidly and smoothly. It has no set, and is filed 
lying quite flat. 
(4) Buck-saws are represented at g and A (Fig. $20), the former being for whe: 
soft wood, and the latter for dry or hard. 
(5) Web, scroll, and compass saws are best provided with tecth as shown et 2(M. 
820), for whilst they have to perform both ripping and cross-cutting, a tooth adapted fr 
the latter will perform the former operation, though more slowly, but the converse rit 
does not hold good. Finer teeth will be necessary for hard wood. The backs of all aw 
of this class are made very thin, to avoid the necessity for giving a set to the teeth. 
(6) The rip-saw, for cutting wood longitudinally, requires an essentially diferat 
tooth from the cross-cut. For a vertical mill-saw, the best form of tooth is that shom 
at m (Fig. 320), the edge of each tooth being spread out by means of the crotch-pamh. 
An inferior-shaped tooth is seen at n, the setting being on one side of the tooth oly, 
taking opposite sides in succession. 0 illustrates the best form of tooth for » hand tip 
saw, the action being precisely like that of a mortice chisel. The rake of a ripavis, 
in front. It takes more inclination than s cross-cut. The points of the teeth should be} 
trued with a straight-edge, as, in general experience, a rip-eaw does more work, vill 
greater ease, straight, than when either rounding or hollow on the cutting edge; sme! 
good workmen, however, prefer rip-saws slightly hollow, not more than } in. in tt 
length of the blade. The hand rip-eaw is usually a few inches longer than the cw 
cut, but has far fower teeth. Rip-saws are often given too little rake and gullet. Ts 
first 6 or 8 in. at the point of » hand rip-saw may have cross-cut pitch, to allowd: 
cutting through knots without having to change the saw for # cross-cut. 
(7) Circular-saw teeth generally have greater space, angle, and eet then the teeth d 
straight saws. They should be filed on the under side; widely spaced, very hooking 
and with plenty of gullet to let out the chips. Teeth of ciroular saws can be gauged 
exact shape by having a piece of sheet stecl cut out to fit. Absolute likeness inal 
respects can be controlled by having a piece of sheet metal cut to the required outlat 
and attached to an arm forming a radius of @ circle from the shaft carrying the #% 
‘Three light filings are preferable to one heavy. The shape of under-cut teeth is at 
be altered in filing. The flaring sides of M teeth require special files. When s ti 
is broken ov as to be only slightly short, it can often be brought out to line hy using tit 
crotch-swage as a lever while hammering upon it. The saw should always be allow 
to run free for a few minutes before removing it from the shaft. Circular saws 
always be either hung up in a free perpendicular position, or laid quite fiat. Fig. #1 
shows a series of circular-saw teeth of varying shape and rake. The softer the woh, 
the greater rake admissible. In some cases (b,c) the back rake tends to redoce t# 
acuteness. ¢ is recommended for ripping hard wood in winter; ¢, for hard wool ® 
summer; g, for all kinda of wood in summer ; b, ¢, for harder woods than when no bet 
rake is given; f, with a rounded gullet, 2 in. long for soft wood, 1 in. for hard; hij 
k, n, are forme of ripping teeth little used in soft wood: lis popular in Europe 
cross-cutting tooth, very liable to break on a knot in frosty weather. The questiad 
few or many teeth ina circular rip-saw dependa almost entirely upon the characte ¢ 
timber being ripped; and the feed per revolution should be made dependent upon & | 
strength of the teeth to resist breaking, and the capacity of the gullet to hold ie 
cuttings. In a cross-cut, the conditions are different. To straighten a circular sav,¢e 
a hurd-wood block 12 in. by 12 in.; bed it on end on the ground (not floor); round 
top off with } in. rise; nail up a joist at the back of tho block, for the saw to rest a 
let its face be an inch below the top of the block. Use a 3 or 4 Ib. blackamiths’ hans 
for saws over 50 in.; a lighter one for amaller and thinner Wledea. Kor large saws, tht 
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limber and “rans,” it is the fault of the hammering instead of the speed. Wha 

on the periphery, it will not stand speed, and becomes weaker and bends more 
when in motion than when it is still; on the contrary, if it is properly hammess} 
little tight, as it is termed, on the periphery, it becomes more rigid when in min 
toa certain limit. The theory of this is that the steel is elastic, and is stretched by fa 
centrifugal strain in proportion to the speed, which is greatest on the line of teeth al 
diminishes te the centre. If saws evince a tendency to spring and a want of tigi 
have them reusmmered at once, before changing the speed in an endesvour maui) 
the defect, 

(8) The band-eaw is never used for cross-cutting, except when cutting scrll-akj 
and may generally be treated aso rip-saw. It requires special regularity in shee al 
set of teeth to prevent it from breaking and from running into the work. In ois! 
set it up, or join the 2 ends together, the 2 tongues are introduced. simultancouly 
the 2 corresponding openings, and the ends of the saw are pressed together latelyit 
such a manner as to cause the snugs on the tungues to engage with or book o be 
bevelled edges in the openings, and the thin ends of the tongues then lie in theindual 
recesses in the sides of the saw. When the parts ate in this position, the 2 extrait 
of the saw cannot be separated either by a considerable strain in the direction dl 
length or by a diminution of the teusion. ‘To disconnect the ends of the saw, aps 
the hooked and bevelled edges by applying lateral pressure, and at the same tim ist §- 
the ends apart in opposite directions. The junction of the 2 extremities is effecel Y¥ 
means of a hook or interlocking joint. A portion of the saw near each extrasilyi! 
reduced in thickness in such » manner that, when the ends are laid together, thet 
combined do not exceed the thickness of the remaining part of the saw. Portimd 
the back and front of the extreme ends are also cut away, 80 as to leave narrow tagut 
at each extremity of the saw, and these tongues are provided on opposite sides relstivay 
to each other with snugs or hooks. In the thin portions at the extremities of them 
there are formed, at equal distances from the tongues, 2 longitudinal slits or opening 
presenting bevolled or inclined surfaces at the edges nearest the ends of the saw, 01 
sponding exactly to the snugs on the tongues. The opposite edge of each openings 
leo bevelled or inclined, but at a much more acute angle, 80 as to form a recess in 
side of the saw for the reception of the extreme end of the corresponding tongue, vid 
is suitably reduced in thickness towards the extremity, in order to enable it to bewl 
within the said recess, Where gas is used for lighting purposcs, it is often employ 
for brazing band-saws, and nearly in every case where this is done, the blade of that 
operated upon deteriorates, and breakages gradually increase. As these breakage # 
not cecur exactly at the joint, no blame is attached to the use of gas, and the caumd 
continual failures is rarely divoovered. A gus flame not only scales steel deeply, but 
destroys its nature by burning the carbon out, and this occurs especially at the edged 
the flame. Bund-saws brazed by gus almost invariably break again at a point sm 
little distance from the previous fracture, at the point where the outer edge of the fast 
las dumaged the metal. The only really satisfactory way of repairing is to met 
thick, heavy pair of tongs bright red-hot, and clamp the joint with them. The ba! 
melts the spelter instantly, and makes a good joint without scaling or damaging 
steel. “ 

For a joint which has to stand constant heavy strains and bending, it is bets 
to use an alloy of equal parte of cvin-silver and copper, melted together and rolled or 
thin, This alloy never burns, cannot be overheated, and makes first-rate joints, whid 
will stand hammering and bending to almost any extent. The working action of 
band-saw is, generally speaking, similar to the working action of a circular saw,—o= 
tinuous. “ Owing chiefly to the thinncas of the gauge, the emall area of the blade wiid 
operates on the woud at ono time, and the constant cooling action which is going oa 
the saw passes thiough tho air, & comparctivcly small amount of heat is engendered 
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and further held and strengthened by screw-bolts and a T-iron brace, or carried! 
floor, or to a longitudinal brace (not shown) joining the 2 back legs near the grou 
strong rubber door-spring f attached to a screwed eye in the arm ¢ pulls the saw g 
each stroke. The lower end of the saw g may be attached directly to the crank 
treadle h, giving only 1 stroke of the saw for each revolution of the fly-wheel i; 
obtain several stiokcs for each revolution, the saw is attached by a hook and bar 
smaller crank and axle worked by a strap from the fly-wheel, and the saw is: 








same time made to work vertically by passing the band over a pulley under t! 
exactly in line with the upper end of the saw, before taking it to the crank. F 
ing down the work whilst sawing, and simultaneously acting asa bearer to keep 
engaged in its work, a convenient arrangement is to have a block of hard wood 
slit in the front edgo J carried by an iron rod m fitting into the hole n in the ar 
adjustable by screw-nuts. The fly-wheel mny be 18 in. diam, with a heavy rim, 
main crank 1}-2 in., giving a 3-in. stroke. For working a small circular 1 
‘wooden poppets o p are ured, o being tenoned into a square hole in the table, » 
free to slide in a groove. The circular saw and its pulley work in the 
y in the tuble. 
3 shows a home-made fret-saw, having capacity ranging from 3-in 
Phe 2 uprights a are of spruce, and measure 7 ft. high and 4 in. 9q.; 
mortised at foot into stout planks b screwed down to the workshop floor, and at t 
Beam c,6 ft. long, 4 in. wide, and 3 in, thick. The space between the uj 
8M. Gin, in the clear. The inner frome d is of pine, 3 in, Wide MADin! 
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spoken of as being employed in French dockyards, consisting in pickling the files in a 
acid bath (dilute sulphuric and nitric acids, 1 part of each in 7 of water) for 45 minute, 
after a washing with hot alkaline water; but it is not explained how the sation of te 
acid is prevented from exerting the chief degree of erosion upon the exposed angles d 
the file face, instead of in the hollows where it is wanted to act. 

Epor-t00La.—This section comprises chisels and gouges, planes, and miscellancom 
smoothing tools (e. g. spokcshaves), as well as the moans adopted for keeping ups ka 
cutting edge (grindstones, oilutones). 

Chisels and Gouges. Principles.—The chisel in its simplest form constitutes » sie 
of an axe, but as the impact is not from the motion of the chisel, but from that of a swag 
mallet or hammer, the eye of the axe is replaced by a contrivance for receiving the by. 
‘When the element of thrust enters, then the chisel is passing into the “ plane ira.” Fer 
applying the chisel, 2 contrivances are in general use. One is to put « tang on the neal 
of the chisel, and to Ict this be driven into a handle eo shaped at the extremity os & 
receive the blow of a mallet. A very few blows would soon drive the handle furesrd, 
and so the tang end would then project through the handle and receive the bln 
To avert this a shoulder is forged, whore the tang is supposed to end, and the chisl 
proper to begin. When the blows have becn repeated, so that the handle rests ups 
the tang shoulder, then the handle is “home,” and the tool completed. In tuma¥ 
chisels where mallets are not used, the shouldered tang is not required. A suibble 
handle being selected, a ferule is loosely put on it, and a holo is bored down the 
handle a little shallower than the length of the tang, and widencd at the mouth 
s0 as to show a square, the sidea of which aro just shorter than those of the tang 
under the ferule—now, enter the chiscl-tang, and let it be pressed in by the band 
until it is 80 retained by friction, that by pointing the chisel edge downwarls, the 
metal does not fall out. The operation of fixing the handle may now be said tocar 
menco, The line of the handle and blade is then inclined at about an angle of 45° 
the horizon. A blow with a mallet is struck at the end of the handle; the inclinstie 
remaining the same, the tool is turned round on its longitudinal axia, soy, } rotation, 
snother blow given ; the operation of turning and striking being continued until the 
feruled end of the handle and tang meet. As to the effects of » blow upon the end 
u handle, there being no apparent resistance, this takes place: The velocity of impact it 
communicated to the handle and chisel. Now tho greatvat effort is required to cue 
the first motion, so here u high velocity in the mallet hes to be divided between s 
supported tool and itaclf, What is sometimes called “inertia” has to be overcome it 
the act of this transference of velocity through the length of the handle and chisl: 
that portion which offers the least resistance will be the first to move. No velocitycat 
be communicated to a Lody at rest without what ia usually called resistance, Th 
friction between the tang and the handle is so adjusted by the preliminary formation d 
the hole, that the resistance from friction is leas than the resistance from inertia; beet 
the gradual approach of the ferule and the flange. Now as to the turning in the hand 
about tho axial line. The wooden handle is held in tho left hand, therefore the effet 
af gravity upon it is neutralized, Not vo with the chisel ; gravity producesits fall effet 
upon this. Consequently some part or other of the hole becomes # fulcrum, the cutting 
end of the chisel is drawn downwards by gravity, and therefore the tang end is pointed 
upwards. Continued impact in this position would place the chisel oblique to the ati! 
of the handle; the turning is to avert this. Again, it was eaid that the depth of the 
hole ehould be leas than the length of the tang. The reason is this: the end of the 
hole is of greater diameter than the end of the tang; if, therefore, the tang does no 
enter and fix itself in the wood, there may be unsteadiness in the chisel. Assuming tht 
instrument to be under the operation of repeated blows, the effect of these will be fist 
expended upon the end of the wooden handle, and then transmitted to the cutting edge 
Vuless provision be made, the destruction of the end of the wooden handle will be 
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along thin paring gouge, cannelled inside, Mortice chisels range in width from 
1in., the sizes increasing y, in. at a time; paring chisela advance } in. at o tin 
} in. to 2 in, wide; gouges have a similar range, in addition to which they ar 
with 8 different degrees of curve, as shown in Fig. $49, and known respectively 
very flat, B or flat, C, D or middle, E, F or scribing, G or half fluting, H or fluti 
the figure, all are 1-in. size. 

Using.—The chisel cannot be used satisfactorily over a surface wider than it 
though the gouge was devised to excel it in this respect, there is still a tend 
this tool to follow the leadings of the fibres of the wood rather than cut throug 
ata very elight obliquity, The only guidance the tool receives is from the 
the workman, hence everything depends upon the degree 
of his skill. The impossibility of ensuring the amount 4s, 
and direction of the out given by the chisel was the A 
main incentive to introducing its modified forms the 
spokeshave and the plane, which will be discussed pre B—~ 
rently. In paring, the chisel is held in the right hand 
and applied with a thrusting motion without the sid of ¢ 
fa mallet, the left hand being employed to hold the | ~____—~" 
wood, and always kept well in rear of the tool to avoid 
accidents in case of the tool slipping. The wood to be Me 3 
operated upon should be held securely and in such a 
manner that if the tool goes beyond it or misses a cut 
it will neither damage its own edge nor meet with 
anything that will be injured by it, such as the aurface ic. ue 
of the bench. In paring horizontally or lengthwise 7 
with tho fibres of the wood, the forefinger should be 
extended along the tang of the tool; but in paring (eee 
vertically across the grain, all the fingors should firmly ¢ 
grasp the handle. When cutting mortices and tenons, 
the chisel is tightly held in tho left hand while the right 
wields the mallet for giving effeet to the cutting tool. yy 
To make a close joint, it is very necessary that the edges 
cut by the chisel (as well as those cut by the saw) shall 

te perfectly square and flat. This can only be attained 

by observing the correct way of applying the chisel-edgo 
to the work, If the flat side of the chisel bo held 
against the shoulder that is to be cut away, the chisel will “draw in”; if the 
side is against the shoulder, the contrary effect will be obtained. ‘This is illus 
Fig. 350. If the chisel is held as at b or d, just (and barely) allowed to cut, it 
as a paring tool; but its tendency will be found to follow the dotted line b ¢, 
not checked, it will “undercut” the shoulder, When held as at a, ite ten 
in the opposite direction, when the sloping end can be rectified without spoi 
work. The same care is nceded in cutting a mortice (Fig. 351), Let the m 
carefully marked on both sides, but cut right through from one aide only ; the 
are that it will be found to have been cut too long on tho farther side of the st 
the dmwing in of the chisel. The section will be as at a, Fig. 351. Of cour 
fore, the safe plan when a mortice must be cut only from one side is to cut it 1 
b, and to pare it back carefully at the finish. Whenever possible, however, ¢ 
should be cut from both sides—half through from each ; but the same tendency 
prevails, the result being shown in c, and here the faulty work will not be visit 
least when the tenon is in its place. The joint will appear quite cloee-fitting : 
| but it is evident that it will have little strength, asthe component parts are 
contact just at the 2 surfaces, the rest being quite hollow, ‘The bet wey te 
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whole tool in the hand, it is not of general utility. When, however, the corral: 
surface varies, the parings to be removed are light, and the operator has conreai 
access, the tool is capable of doing good work, and possesses some advantages ore 
plane. (Rigg.) Besides the original simple long-bladed spokeshave, this tool is 
inado with cutters of varying forms, for chamfering, rabbeting, and other purposes, 
then often termed a “router,” especially by the American makers who have it 
the novelties. 

Planes.—Principles.—The plane, in its simplest form, consists of a chisel i 
st an angle into a box, generally of wood, and with the cutting edge Projecting 
the bottom of the box. If the actions ‘of a workman be noted as he is 
wood with a chisel alone, it will be seen that he holds the bevel edge on the wrod, 
80 elevates or lowers the handle as to secure a proper and efficient cut. The 
advances the tool in a line at right angles to its cross section. If now, inatesd 
continuing to hold the tool, the chisel was #0 fixed in a movable piece of wood as 
at the same angle as the workman required, then if the mouth were broad enoogh. 
the instrument were propelled along the wood, a shaving would be removed very 
the same as that obtained from the chisel alone. In the arrangement thus sketched, 
workman would be relieved from the care needed to keep the tool at a constant 
with the surface of the timber. There is, however, a fixity of tool here, aod 
sequently an optional or needful adjustment called for by any varying conditiod 
problem cannot be had. When operuted upon by hind alone, if an obstacle tte] 
Progress of the toul is presented, as, for instance, a twist or curl in the fibre or gniad, 
the plank—the presence of a knot—then the workman by hand can adjust the basil 
and so vary the inclination of the cutting edge as the circumstances of the case mq! 
Not so if the tool is securely fixed in a box as described. Whilst therefore one gaia ka 
been had. one loss has been encountered. Observe the defects of the primitive plas 
as hitherto described, and note what hopeful elements it contains. 

The front of the sole of the box will clearly prevent the penetration of the ecu} 
chivel into the wood, because it cannot now be drawn to follow the fibre should it lal 
inwards. Suppose, however, that in the progress of the work such a place bas be 
reached as would have so drawn the chisel inwards: either the strength of the ininviy, 
fibre will be 80 great that the workman will be unable to propel the tool, or, if nt ds 
impeded, he must by extra effort separate the fibre and so release the tol. T# 
neparution, however, may not be by the process of cutting, but by that of tearing, ml 
shavings go torn off will havo Icft their marks in the ronghnesses which attend thetar 
axunder of fibrous woods. Thus the tool will defeat the very purpose for which it t# 
dexigned, To obvinte the difficulty described has exercised much ingenuity, andl # 
qore than one contrivance in planes as generally used. 

‘The causes which so forcibly draw, or tend to draw, the tool downwards belor t# 
wurfuce of the timber are the hand of the workman and the tenacity of the fibre. It 
tenacity is greater than the power, the workman must stop. That the tool cast 
follow the direction of the fibre is clear, because the front part of the wooden sole fitide 
the penetration, but that it may bu brought to a standstill, or must tear off the fib, 
leo very clear. The mechanician has therefore to consider how to defeat thet 
tendencies which, as now sketched, result from a collision between the indnwig 
strength of the fibro and the power of the man to cross-cut the fibre by the tool, or &# 
to tear it asunder and leave the surface rough. Since the tool, as now contrived, cast 
efficiently cross-cut the resisting fibre, and since that fibre has to be removed, it 
object must be either to prevent such an accumulation of fibres a will stop the me 
of the tool, or to destroy the fibre piecemeal os it is operative for hindrance, Bab 

plans have been adopted. A consideration of the former msy prove introductory tof 
latter, which appears in almost all attempts to perfect this tool and its appease 
coutrivances, 
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ends of this convex edge are actually within the box of the plane, consequently: 
ways) all the fibres are separated by cutting, and are therefore smooth and not 
The effect of this upon the entire surface is to change the surface from the ory 
section to a section irregularly corrugated. The surface after using the “jack” 
ploughed, as it were, with a series of valleys and separating hillocks, the valleys 





arcs from the convexity of the tool and the separating hillocks being the intersectio 
these ares. All traces of the tearing action of the saw have been removed, and from « 
roughened but level surface s change has been made to a smooth bat in cross-section a 
undulating one. 

The mechanician’s next object is to remove these lines of separation between the 
valleys. For this the trying-plane is required. The trying-plane is longer than Oe 


356. 





jack, because the sole of the plane which is level is, so far as ite size goes, the counts 
part of that which the surface of the wood is to be ; further, the trying-plane should t 
broader than the jack, because its object is to remove the hillocks and not to interfe 
with the wood below the bottoms of the valleys. If its action passes below the bottes 
of the furrows, then occasion arises for cutting the side connection of the fibres, st 
however a workman may sharpen the edge of his trying-plane for this purpose, he ina 
respect has destroyed one object of the plune, because, so soon aa the iron penetrst 
below the surface, then does the effect of the jack action begin to reappear, and tl 
cutting edge should pass from the shape shown in Fig. 354 to the shape in Fig. $$ 
The result of the trying-plane fullowing the jack is to remove all the elevations of wo 
above the valleys the jack left; and, secondly, to compensate by its great length for # 
want of lineal truth consequent upon the depth of bite of the jack. Again, the mor 
of the trying-plane is much narrower than that of the jack ; henoe the shavings remot 
are finer, therefore the slope of the iron, or its inclination to the wood may be Jess th 
is the iron of the “jack ”—hence the line of cut is more nearly accordant with 0 
of the fibre, and by 20 much the surface is left more smooth from the trying-plane th 
from the jack, as there is more cutting and less tearing action than in the jack. T 
reasoning hitherto pursued in reference to the purpose of this sequence of a jacks 
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“match” planes, which are made in pairs, one cutting the plough and the other 4 
tongue. Their cutters are shown in Fig. 861, Z 

‘The stop-chamfer plane, sold by Booth, Dublin, for 42., is a very useful tool for stig 
any chamfer from } in. to 1} in. with a constant angle and size, It is ebm 
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t 
Fig. 862, The box of tho plane is made in much the same way’as that of ordinary plans 
and the iron is inserted and held in place in the same manner. The point of differen 
is that a A-shaped channel is out slong the sole of the plane, the sides of the chem 
being at right angles to one another, and at an angle of 45° with the sole of the ple 
mecting in @ point in aline drawn perpendicular to the sole, 
and exactly up the centre of the end of the plane, Thus the 362, 
sides ac be of the groove are at right angles to each other, and 
at an angle of 45° tod, the sole of the plane and they meet 
in ¢,a point in fg, which is perpendicular to de, and drawn 
exactly up the centre of the end of the planc, as shown. 
Tle depth of the iron, which is indicated by the shaded part 
of the figure, is regulated to suit tho width of the chamfer 
that it is proposed to make. 

The preceding include all the kinds of plane in most 
general use; but it is sbvious that the came principle may 
be appliet to almost any form of cutter. Hence a great 
variety of tools, known as “ moulding ” and “ filletstering” or 
“filister ” planes, -have been introduced, whose cutters consist 
of combinations of chisel and gouge edges. These are em- 
ployed for cutting mouldings and beads of numerous designs, 
which are familivr to every one who has observed the edge of 
skirting boards in rooms, the panels of doors, or the sash- 
frames of windows. The great bulk of this class of work, however, is now perfors 
by rotating cutters worked by steam power, and such beads and mouldings, of & 
desired pattern, can be procured better at the manufactory then they can be mads 

hand, : 
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viz. by a cam action, Often in ordinary planes the wood splits when the holding wedg| 
binds on the box. 

Bounder.—Wheeler’s rounder is shown in Fig. 868. It is a very useful tool fr 
dueing a amooth and even surface on a cylindrical-shaped article, such as a broom bunds; 
a is the cutting edge, and b the handles by which it is made to revolve round the wok 
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Box scraper.—Fig. 369 illustrates an adjustable box scraper, made of malleable im 
with 2-in. steel cutters, and costing 2s. 6d. . 
‘Veneer scrnper.—An adjustable veneer acraper is represented in Fig. 370. Itsprit 
with a 3-in. cutter ie 12s. 6d., extra cutters costing 1s. 3d, each. The two latter tab 
may be obtained of Churehille, Finsbury, or Melhuish, Fetter Lane. ¥ 
Mitre-plane.—The Rogers mitre-plane, Fig. 871, is made entirely of iroa, sd 
arranged for planiog any desired angle on straight or 
curved work. The main bed-piece is semicircular in 
form, with a way or frame at its rear on which the 
plane runs. The upper or movable bed-plate is in 
quadrant form, having, at right angles, sides which 
act as guides for the material to bo planed, and 
revolving on a pivot a at the end, enabling the 
user to form the desired angle for struight work, and 
place it in its proper position against the face of the 
plane. When the quadrant or movable bed-plate is 
in the centre of the main bed-piece, its side eleva- 
tions form an exuct mitre, so that no change is 
required in planing the ends of parts for frames of 
4 sides, In the sides of the quidrant are 2 adjust- 
able guides or rests kept in position by set-screwa d. The special object of thee mil 
ia to enuble one to finish the ends or angles on curved work with exactnes 1 
preparing picces for circular or oval work, frames, pulleys, emery wheels, cirtlt 
patterns, &c., it is neccessary to plane the enda of the various segments at iM 
angles. In planing these, the point of the quadrant near the plane and the adjutll 
guides form the rests required for accurute work. The quadrant is kept in posi 
at any angle desired by pressing the catch ¢ down into the notches prepared for 
or by the thumb-screw 6, and can be used in connection with the arma or guides ® 
desired. It is sold by Churchills, Finsbury, at prices varying from 90s. for the $8. 
sizo, to 135s, for the 4-in. 

Combination Filisters.—Miller's combination, Fig. 872, embraces the com® 
carpenters’ plough, an adjustable filletater, and a perfect matching-plane. The elit 
ausoctment can be kept in amaller space, or made more portable, than en ordinary a 
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‘The tool is accompanied by 8 plough bits (49 4, yp ty } $y J ond 13 im), a filletabe 
cutter, and a tonguing tool. All these bits are secured in the main stock on askew. 7 

Iron planes.—The Bailey and Stanley iron planes with improved sdjuimab iS” 
(Churehills) are largely replacing wooden planes, 

Bonrtne Toors.—These comprise awls, gimlets, augers, bits and braces, and dria 

Awls.—The simplest form of boring tool is the awl or bradawl as it is more generally 
called, Fig. 374. It consists of a piece of small steel rod, with one end fastened ia 
wooden handle, and the other doubly bevelled to a sharp edge, which serves the para 
of compressing and displacing the fibres of the wood so ds to form a hole vital 
producing any chips or dust from the wood operated on. Ite greatest drawbeck is 6 
readiness with which the awl proper may be pulled out of its handle in withing i 
the tool from the hole it has made, especially in the case of aard woods, Superior stig 
are, however, made to overcome this fault, the handle being hollow and containing) 
selection of awls of different sizes, euch fastening into the handle by means of « mit 
nut. The use of the awl is to prepare holes for the admission of nails and screws. 
Gimlets.—The gimlet is an offspring of the awl, and of more recent origin. 1 
gimlet of the Greeks had the croes-head or handle of the style now prevalent. It 
had possibly © hollow pod, as the earliest specimens found are of that type, bt mil: 
screw-point, and it demanded a large expenditure of muscle, especially in boring 
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woods, where it was nut very effective. Later, a gimlet of square section, having ss? 
corners and tapering to a sharp point, was introduced, and gave the hint for s fad 
auger now in use. In course of time, the screw point was added, and the 
gimlct, with o point of this kiud, was the only sort in use for many centuries, B 
England, this was called a“ wimble.” This form is etill in use to some extent, sf 
is effective where very shallow holes only are to be bored, but as it has to be 
whenever the pod becomes full of chips from boring, it causes a waste of time 
deeper holes ate desired. The twisted or spiral form of gimlet, which is self-dischsg™§ 
is an American invention, and only of very recent date. It has, however, 
all other furmns, and is now in cominon use. ‘The field of the gimlet is beooming 
narrowed, giving ground to the more rapid and convenient trace and bit, (Iadetil 
World.) Same gimlcts aye made with twisted, shanks, whieh Whey Te dad wl 
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to all shapes and sizes of stems, and holds them tight and true. It is made in seve 
sizes and styles, the most useful being the 8.in., costing Ss. Od.; the common set 
iron brace of the same size may be had for about 1s. 6d. OF the tools employedi 


the brace, Fig. 382 is a centre-bit, 
‘useful for boring large and deep holes; 
Figs. 888, 384, 885, countersinks for 
enlarging the entrances of holes when 
it is desirable to let the screw or other 
occupant of the hole lie completely 
beneath the surface of the wood— 
they are termed respectively “snail- 
horn.” “ rose-head,” and “ flat-head,” 
from their ehapes ; Fig. 386, a screw- 
driver; Fig. 395, a bobbin bit; Fig. 
387, a taper bit, for boring funnel- 
shaped holes; Fig. 388, a sash bit; 
Fig. 389, a shell bit; Fig. 390, a 
nose bit; Fig. 891, a spoon bit; 
Fig. $92, square rinder; Fig. 398, 


a halfround rinder; Fig. 894, a gimlet bit; Fig. 96, a dowling bit. 


382, Cn a a | 
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forms might be mentioned, including those employed in metal working, Flaw hy 


implement ia equally well adapted. 
‘387. 388. 399. 390. 


301. 392, 


393, 3M, 300. 





Drille,—No. 896a drill is made of round wrought-iron, $ in. in diam. The hao 
are rosewood, the head malleable iron, and the chuck jaws of steel. It has change 
ears, one even and the other speeded three-to-one. The change from one to the ¢ 
can be made in an instant. The chuck will hold any shape shank—round, equan 
flat. The stock is nickel-plated, and finished in a superior atyle. Price 16s. oa 

No. 3966 drill has a malleable-iron stock, japanned ; rosewood handles, nickel-pl 
chuck, two speeds, gears, and Barber's improved chuck, holding shanks of all s 


Price 12s. each, 
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(eo hand drills have cnt gears, the bright parta are boavily nickel-plated, with 
bd head and handle. The head is hollow, and contains six drill-points. Tho 
(s adjustable, and will bold firmly drills } in. and smaller sizes. No, 1—11 in. 
(oldie drills | in. and smaller; price Ss. 6d. each. No, 2.—13 in. long, holds drills 
hd amalter: price 12s, each. 


00h, 





(etlanerue—Sevora] improved tools of rosent introduction scarcely fall under uny 

foregoing classes. They aro as follows :-— 

@alar Bit Stock—This very useful adjunct to the brace and bits is shown in Fig. 

Its object is to nltor the direction of the pressure in boring (so aa to permit boring 

ther), for which purpose it ia placed between tho trace and bit, forming their con- 
Tink. The angle at which the bole is to be bored is decided beforetiand, and tho 

set, tho ball joint enabling tho tool to turn without hindrance, It is 

| Churchills for 8% 8d, 

(eoler's Countersink —The bit of this countersink, Fig. 400, ia in the dhaye oh 

| 


i 
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hollow eccentric cone, thus securing # cutting edge of uniform draft from toe 
the base of the tool, and obviating the tendency of such a tool to lead off into tl 
at its outting edge, and to leave an angular line where it ceases to cut. It works 


well for every variety of screw, 
the pitch of the cone being the 
sime as the taper given to the 
heads of all sizes of screws, 
thereby rendering only a single 
tool necessary for every variety 
of work. It cuts rapidly, and is 
casily sharpened by drawing a 
thin file lengthways inside of the 
cutter. By fastening the gauge 
at a given point, any number of 
screws may be driven so as to 
leave the heads flush with the 
surface, or at a uniform depth 
below it. The gauge can be 
easily moved or detached entirely, 
by means of the set-screw. 
Expansion Bit.—Clark’s ex- 
yansion bit, Fig. 401, is designed 
to cut holes of varying size by 
means of a shifting cutter. It is 
made in 2 sizes, one ranging from 
4 in, to 1} in., and costing 6s, 6d., 


\ 





and the other embracing all diameters between } in. and 8 in., and coating 9s. 
of these tools not only replaces a complete set of the ordinary kind, but enables b 





bored of all intermediate sizes. These, however, 


are seldom required in the gone 


Boring Machine.— Fig. 402 representsa plain and au angular boring machine, 
for hoary work, costing respectively 2s. and BW, Wout WARETE, BRK of 6 
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Mallets.—In these tools the stoel head is replaced by 4 wooden one. Fig. 405 show 
the usual square form; there is also a round form. The former ranges from 6 in. log 
and 2} in. by 34 in. wide, costing 9d.,to 7 in. by 3 in. by 4 in., costing 134d.; the latix, 
from 5 in, long and 3 in. diam., ousting 7d,, to 6 in. by 4 in,, costing 113d. These ban 
hickory heuds; similar tools made of lignum vite cost nearly double. The chief usd 
the mallet is in conjunction with the chisel. 

Corrine Too! ‘These comprise axea, hatchets, and adzes, They consist da 
combination of a striking tool with a cutting tool, the cutting edge being of strunge 
form than those described in @ previous section (p. 230), in order to support the 
strain resulting from their being applied with greater force. The construction f 
these tools necessitates the addition of a handle or “helve,” whose shape, leogd, 
and method of attachment to the blade have no small influence on the effectivencad 
the tool. 

Azes and Hatchets.—Principles. Axes are tools to be used with both hands; they 
have long handles, and may be swung as sledge hammers. Hatchets are to be wed 
with one hand, have short handles, are much lighter and thinner than axes, anda 
employed more in the trimming than in the hewing of timber. Both narrow and bead 
axes are employed in forestry, the woodman’s choice being affected by the size of te 
timber and the character of the fibre. A hatchet is handled with the centre of graviy 
nearer the cutting edge than the line of the handle; an axe, with the centre of greviy 
in the line of handle produced. When we pass from the tool and its contrived handete 
the mode of using, and the purpose for which it has beon constructed, we find, as a ral, 
® cutting edge formed by 2 inclined surfaces meeting at an angle, the bisecting lind 
which passes through the middle of the metal. It is very apparent that the more acti 
this angle is, tho greuter, under the same impact, will be the penetrativo power of the 
axe into the material against which it is driven. This supposition needs to be qualifed, 
for suppose the material offers a great resistance to the entrance of this edge, then tt 
effect of the blow, upon the principle that action and reaction are equal, will react ups 
the edge, and the weakest, either edge of axe or object struck, must yield. Here expe 
ence would be obliged to qualify the simple tool in which the edge was keen and ecu, 
and would naturilly sacrifice the keenness and acuteness to strength. When early ws 
of the axe are considered, it will be noticed that even in fashioning with an axe or ed” 
the same picce of wood, different conditions of edge are requisite. Ifthe blow be give 
in the direction of the fibre, resistance to entrance of the edge is much less than in th» 
blow across that fibre. So great, indeed, may this difference become, that whilst the ax 
secms in all respects a suitable tool, yet as the attention of the workman passes to dire 
tions inclined to the fibre at an angle of more than 45°, he will be induced to lay it 

in favour of tho saw. These remarks apply only to tools used in dividing materials, and 
not to tools used in preparing surfaces of materials. This preliminary consideratia 
prepares us for the different circumstances under which these 2 classes of tools may be 
Tespeetively used. And as the contrast of the effoct of the same tool under differest 
circumstances in the same substance is considerable, great also is likely to be the oot 
trast between the edges of the tools and the manner of using them, e. g. the axe, whic 
is the proper tool in the direction of the fibre, is operated upon by impact, whilst a 
whieh is the proper tool across the fibre, is operated upon by tension or thrust, bt 
never by impnet. 

Using.—The modo in which the axe is need will explain why it is unsuited for week 
across the fibre, The axe is simply a wedge, and therefore arranged to cleave, rath 
then to cut, the wood. Now a calculation of the pressure necessary to thrust forwards 
weuge, and the impact necessary to cause the same wedge to enter the same depth, would 
explain why (regarded as a wedge only) the handle proves an important adjunet to the 
arm of the workman, 


The motions of the hands on the haniie of a axe ere eimilar to those of a woth 
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axe handle across the finger where the head and handle balance, the blade of theuttl 
placed horizontal, the edge does not turn downwards: in fact, the centre of gntily 
the axe head is in the horizontal straight line prolongation of the handle throagh 
place where the finger is. Now in sledge hammer work the face is to be brought dev) 


410. 





fiat, i.e. asa rule, in a horizontal plane. With the foresters’ axe, it has to be bell 
down at varying obliquities. If the hewer’a hand had to be counteracting the isis 
of gravity, there would be added to him very needless labour, hence the care of ast 
forester in the balance of the axe-head and the curvature of the handle. 


Form of cutting edge—The form of the cutting edge as scen in the sid 
the axe is often convex. The line across the face in Fig. 417 indicates the exist! 
the steel, and the corresponding line in Fig. 407 the bevel of the cleaving cigs 8 
will be noticed that the cutting edge in each case is curved. The object of thal 
prevent not only the jar and damage which might be done by the too sudden sim"? 
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The evils of this plan are the trouble and time consumed in the manipulation, anl{ 
weakening of the bench-leg ¢, not only by the hole which penetrates, but alm by 
recess cut in it to receive the screw-nut ¢, in order to permit the jaws of the vieo to 
completely closed when necessary. A simpler arrangement, which somewhat moi 
the undesirable features just noted, is shown in Fig. 442, and consists in replacing! 
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second screw by a sliding bar a working in a box b fitted to the frame of the bench 
perforated at intervals with holes for the reception of an iron pin to keep it in pos 
Perhaps the least objectionable plan is the so-called “ St. Peter’s crogs,” shown in Fig 
consisting of two bars of fiat iron placed crosswise, joined by a pin in the centr 
also pinned at the top, one to the cheek and the other to the bench-leg ; their lower 
are free to work up and down in the recesses cut for them, and thus maintain the: 
in a perpendicular position, whatever may be its distance from the bench-leg. 

‘A great improvement upon all these forms of vice is the instantaneous grip 
represented in Fig. 444, The manner of manipulating it is as follows: Rais 


——{] []- 
| : 


handle a to a perpendicular position with the left hand, and draw ont or clc 
may be necessary, the front jaw b the required distance. Place the piece of wi 
be operated upon between the jaws b ¢, and press the front jaw } nearly close 
wood; then press down the lever, when the wood will be held firm in the vice 
remove the piece of wood, raise the lever. The grip is caused in the following m: 
On the under side of the plate d, and in the straight line that lies between the lett 
is a plate indented with a row of V-shaped depressions inclined at a slight angle 
aides, in other worde, a longitudinal etrip cut out of a female screw. At the et 
the bar g h, which is held in position, ond travels in ond cul belween & curred f 




























268 Canrentry—Constraction. 


place, in order that, after the settlement, the abutting surfaces may take a fair 
to resist the strain. 

Strains.—The various strains that can come upon any member of s 
are—(1) Tension: stretching or pulling; (2) Oompression: crushing or 
(3) Transverse strain : cross strain or bending; (4) Torsion: twisting or 
(5) Shearing: cutting. But in woodwork, when the last-named force sots along 
grain, it is gencrally called “ detrusion,” the term shearing being limited to the ecti 
across the grain. The first 3 varicties are the strains which usually come uponti 
struts, and beams respectively. ‘The transverse strain, it must be observed, i 
into tension and compression, the furmer occurring on the convex aide of a loaded 
and the latter on the concave side, the 2 being separated by the neutral axis or line 
no strain. The shearing strain occurs principally in beams, and is greatest at the pi 
of support, the tendency being to cut the timber through at right angles to the 
but in nearly all cases, if the timber is strong enough to resist the transverse strais, it! 
amply strong for any possible shearing strain which ean occur. Keys and 
fastenings are especially subject to shearing strain, and it will be shown in that 
of the subject that there are certain precautions to be adopted to obtain the best 

Classification of Joints—(1) Joints for lengthening ties, struts, and beams ; 
fishing, scarfing, tabling, building-up ; (2) Bearing-joints for beams : halving, notch 
cogging, dovetailing, tusk-tenoning, housing, chase-mortising ; (3) Joints for posta 
beams: tenon, joggle, bridle, housing; (4) Joints for struts with ties and posts: 
tenon, bridle, toe-joint ; (5) Miscellaneous: butting, mitreing, rebating. 

Classification of Fastenings.—(1) wedges ; (2) keys; (3) pins: wood pina, 
spikes, treenails, crews, bolts; (4) straps; (5) sockets; (6) glue. 

Lengthening Joints.—One of the first requirements in the use of timber for 
purposes is the connection of 2 or more beams to obtain a greater length. Fig. 
shows the method of lengthening a beam by lapping another to it, the 2 being 
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together by straps and prevented from sliding by the insertion of keys, Fig. 454 show 
a similar joint, through-bolts being used instead of straps, and wrought-iron pls 
instead of oak keys. This makes a neater joint than the former, but they are bob 
unsightly, and whenever adopted the beams should be arranged in 8 or 5 pieces, # 
order that the supports at each end may be level, and the beams horizontal TW 

Joint is moro spitable for o crops strain than for tension and wmpression. Fig. 1 
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Fig. 486. In some cases of ceiling joists a square fillet is nailed un the tenon snd chen} 
mortice, to take the weight of the joists without cutting into the beam. While speaking 


that the under side may be level with the bottom of the ceiling joists, to give a besrng' 
for the laths, and at the same time allow sufficient space for the plaster to form a by. 


487, 


Brandering is formed by strips about 1 in. square, nailed to the under side of the ceiling 
joists at right angles to them; these strips help to atiffen the ceiling, aud, bing 
narrower than the ceiling joists, do not interrupt the key of the plastering eo mt 
Housiug consists of letting a piece of wood bodily into another for s ahort distance, 
as it were, a tenon the full size of the stuff; this is used in staircases, housed into tt 
strings, and held by wedges. Housing is likewise adopted for fixing rails to posts, sit 
Fig. 487, whero an arris rail is ahown housed into an oak post for fencing. 

Post and Beam Joints.—The most common joint between posts and beams is tt 
tenon and mortice joint, either wedged or fixed by a pin; the former arrangemestit 
shown in Fig. 488, and the latter in Fig. 489. The friction of the wedges, when tigit’ 
driven, aided by the adhesion of the glue or white-lead with which they are colt, 
forms, in effect, a solid dovetail, and the fibres, being compressed, do not yield further 
the shrinking of the wood. A framed door is an oxample of the application of i 
joint. When it is desired to tenon a beam into a post, without allowing the tena 
show through, or where a mortice has to be made in an existing post fixed againste wil, 
the dovetail tenon, shown in Fig. 490, is sometimes adopted, a wedge being driven in 
the straight side ‘to draw the tenon home and keep it in place. In joining small pists 
the foxtail tenon, shown in Fig. 491, has the same advantage as the dovetail tenon DX 
showing through, but it is more difficult to fix. The outer wedges are made the longs 
and in driving the tenon home, these come into action first, splitting away the dia 
and filling up the dovetailed mortice, at the wme time compreming the fibres of tv 
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mortice up to its shoulders, and afterwards to hold it there. This is done by boring! 
hole first through the cheeks of the mortice, then inserting the tenon, marking off 
position of the hole, removing the tenon, and boring the pin-hole in it rather nearer 
shoulders than the mark, 0 that when the pin is driven it will draw the tenon ual 
described. The dowelled floor shown in Fig. 508 gives another example of the 
of pins. 

Nails, and their uses, are too well known to need description ; it may, howere 
well tocall attention to the two kinds of cut and wrought nails, the former being sh 
or stamped out of plates, and the latter forged out of rods, The cut nails are che 
but are rather brittle; they are useful in many kinds of work, as they may bed 
without previously boring holes to receive them, being rather blunt pointed and b 
2 parallel sides, which are placed in the direction of the grain of the wood. 
wrought nails do not easily break, and are used where it is desired toclench them 
back to draw and held the wood together. Spikes are nearly of the eame form ss 
but much larger, and are mostly used for heavy timber work. Treenails are 
wooden pins used in the same way as nails, In particular work, with some wood: 
as oak, they are uel to prevent the staining of the wood, which would oocur i! 
were used and any moisture afterwards reached them. Compressed treenails are) 
used for fixing railway chairs to sleepers, as they swell on exposure to moisture, an 
hold more firmly. Screws are used in situations where the parts may afterwards) 
to be disconnected. They are more useful than uails, as they not only connect the 
but draw them closer together, and are more secure, For joiners’ work the screws 
have countersunk heads; where it is desired to conceal them, they are let well in 
wood, and the holes plugged with dowels of the same kind of wood, with the g 
the same direction. For carpenters’ work the screws are larger and have often 
heads; these are known as coach screws. The bolts, nuts, and washers u 
carpentry may be of the proportions given in the following table ;— 

Thickness of nut .. .. .. .. « .. = 1 diam. of bolt, 
‘e head 
Diameter of head or nut over 
Side of square washer for fir 
ouk 








Thickness of washer .. 


‘The square nuts used by carpenters are generally much too thin; unless they are 
in thickness to the diameter of the bolt, the full advantage 
of that diameter cannot bo obtained, the strength of any 
connection being measured by its weakest part. The best 
proportion for nuts is that of e Whitworth standard hexagon 
nut. A large square washer is generally put under the nut 
to prevent it from sinking into the wood anil tearing the fibres 
while being screwed up; but it is also necessary to put a 
similar washer under the head to prevent it sinking into 
the wood. This is, however, often improperly omitted. 
Straps are bands of wrought iron placed over a joint to 
strengthen it and tie the parts together. When the strap is 
carried round @ picce, and both ends are secured to a piece 
joining it at right angles, as in 9 king-post and tie-beam, 
it is known as a stirrup, and is tightened by means of a 
cotter and gib keys, as shown in Fig. 510. When straps 
connect more than two pieces of timber together, they are made with a branch 1 
in the direction of each piece; but they are usuully not strong enough at the p 
Junetion, and might often be mede chorter thon they ere without impuirin; 
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dono in this case. It may be pared with a chisel more resdily when leid down on its sla 
as at f, the chisel cutting perpendicularly ; but the angles frequently prohibit the cial 
from cutting into them closely. Still, there is no help for it, and there is no job whih 
requires a sharper tool deftly managed. When the work is small, the finest mv, wil 
carefully, may suffice without any subsequent paring, and is the safer tool to use. Wha, 
however, the parts are to be constructed of wood of more than usually curled gnin® 
may suffice to cut a reccss into the standard, to receive the hexagonal rail tteelfbeyad 
ita tenon, Fig. 512, a, L, and c, where the mortice is shown quite black, and the reesit 
















bil. 612, 





shaded. Neatly done, the effect is the same as when the shoulders are cut, as int 
previous case ; but allowance must be made in the length of the rail, or it will, of coum 
be too short when fitted intoits placo. The first plan, even if well done, is not oo stag 
as the second, and, in an outdoor job, where exposed, the latter would be far less lish 
to admit rain to injure the tenon; but there are many cases in which the 
same kind of fitting is needed where a plan similar to that first described is 
essential. It should bo borne in mind that a mortice and tenon ought to 
just slide stiffly into place, without requiring a lot of knocking with the 
mallet. 

‘A curious form of mortice and tenon is shown in Fig. 513, and is made in 
the following manner:—Get 2 pieces of clean, straight-grained yellow pine, 
recently cut from the log that is not seasoned, 9 in. long, 1} in. broad, and 
in, thick, In the middle of one of these make a }-in. mortice 1} in. long, 
as ata; and on theothor piece, after it has been dressed to ? in. thick at 3in. 
from ono end, make a tenon } in. thick and 1} in. long, as at b, and taper the 
other end as shown, so as to make it easy to introduce into the mortice. 
‘Then get both pieces steamed, and while they are heating prepare something 
to support the sides of a, so as to preveut it from splitting when b is being 
driven through, and a strong cramp or vice to compress b. When the wood is 
thoroughly steamed, place D in the vice or cramp, with a piece of hard wood 
on each side, so as to press its whole surface from the tenon to the tapered 
end equally, and screw up as hard as possible. Withdraw a from the 
steam, and place it in its prepared position; try the screw again on b; 
then take it out, enter its tapered end into the mortice, and drive through until 
shoulders that have not been pressed rest on a; put them into warm water ft 
several hours, then take them out and dry; afterwards cut all the arma to an equ 

Jength, and clean off. It will allow of examination better if the tenon on b is made? 
Jong, 60 as to enablea to be moved ulong, as when ell is Srmby Loggther ii will be at 


os 
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depth (in the thickness of the wood) to which the pins and dovetails are to be cut. 

the pins in a have to overlap and hide the ends of the dovetails, balf thei ( 
pins’) lengthiis cut off after their full dimension has been used in marking out the de 
tails. All the cutting must be carefully done with a chisel. When the joint is com 








tnd dry, the edge of the lap on a can be rounded. Or again, by making a lap on 
piece and cutting the edges of the laps to the same bevel, they will meet a0 as to ex 
only a single line at the corner. 

Mechanical aids in dovetailing—To en amateur, dovetailing is no easy m 
when beauty and strength of joint are aimed at. The pins are lees difficult to! 
than the dovetails, but they must be truly vertical. The real trouble is with the: 
tails, as they are on arbitrary lines. Much assistance may be got from the employ 
of a fret sawing machine. This should either have a wooden table, or its iron 
must be covered with a wooden one # in. thick. On this are scribed, } in! 
parallel lines at right angles to the saw front ; about } in. in front of it is groore 
} in. deep between the lines. Fitted to slide in this groove, 2 pieces of hard woo 
prepared : one carries, at right angles, a sloping block as a guide for cutting the 
and the other a similar guide for the dovetaila, Screws can be used to hold theg 
in place. A slot is cut through the table (or false table, as the case may be) to! 
saw work. The guides just described are used to regulate and govern the direct 
the saw so that it shall not deviate from the lines marked out. 

Dowelling.—The “dowels,” which are tapering cylindrical pegs of tough 
prepared beforehand, and kept dry, should be placed 3-12 in, apart in holes pre 
for them by the centre-bit, all of uniform depth (secured by a gauge on the bit 
countersunk. The dowels are cut } in. shorter than the united depths of the hole 
rounded at the ends. The dowels are warmed for an hour to shrink them, th 
joint is warmed, and thin hot glue is quickly applied to joint, dowels, and dowel- 
This joint is largely used by chairmakers, and known as “framing.” When the 

comes shoulder to shoulder, the dowel-hole must be bored wuare to the ehoulder. 
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broad, and 1} in. thick, is made to go right round, with an upright ber in the eat 
the whole being fixed together with mortice and tenon. Tenons cut on the ends 
centre bar are let into mortices in the end pieces, and tenons on the ends of thea 
pieces into mortices in the side-pieces. A }-in. bead-plane is run along the inside ot 
of the frame before the tenons are cut or the 
mortices made. If neatly done, this will leave 
s complete bead round each door. This frame is 
nailed to the front of the case; and if it has been 
mado slightly large, there will be a little border 
to clean off with the plane. The doors may be 
of any desired style. A good appearance, with 
little cost or trouble, is gained by the following 
plan. The frame is 1} in. thick; and the aper- 
tures to be closed are about 14 in. wide: take 
two pieces of board of the necessary length and 
width, and, when planed, § in. thick; fit these 
into the apertures of the frame as doors; next 
take some slips of j-in. wood, 2} in. broud, 
dressed and equared; upon one side make a 
moulding, # in. broad, with an O-G monlding- 
plane, and with the Slips thus prepared plant 
the outside of the doors, of course keeping the 
square edges along the edges of the doors, and 
the moulding inwards. There is a little caution 
needed if the deception is to be complete, as 
viewed from the outside. Consider that you require to keep the pieces appa 
as styles full width from top to bottom of door, but cutting the mouldings # 
angle whero they meet on the inner edges. For the middle and lower raila # 
slips should be considerably broader than the styles and top-rail, but proportia 
to the size of the door. While the inside of the doors is plain board, the outide be: 
the appearance of a proper framed door. Sccure the case with a lock on each dow 
being most handy and neat. Obviously one or more of the spaces ¢, f, g may be f 
with a nest of drawers for liolding assorted nails, screws, and small tools, ‘These dn! 
will resemble small shallow boxes, but differing from ordinary boxes, inasmuch as 
front side is of thicker stuff than the remainder, because it has to take a blind dow 
(Fig. 515, p. 282). The sides, back, and front of the drawers are dovetailed together, 
the bottom rests in a rebate or groove. The dovetails need be only 2 or 3 in num 
and shallow, as the sides are thin, say, }-in. stuff. The depth (height) of the dn 
should not in general exceed 3 in. The bottom is secured by a few small b 
in the rebate or groove cut for it; being supported in thia way, it leaves as 
portion of the sides of the drawer projecting below it These form the runner 
which the drawer slides in and out, and which may be lubricated by rubbing ¥i 
little soap or domestic blacklead (graphite). The drawers, when more than ot 
depth (height) or width, are separated by a narrow framework running back about 
the total distance from front to rear. 

Carpenters’ bench.—Several forms of bench which can be purchased ready made 
been already described (pp. 257-9); but a home-made bench is much less expe! 
end affords good practice in joinery, accurate work being necessary, while the mi 
exe not too delicate. Good sound deal is a suitable wood to use, and the dimen 
«fiat depend on circumstances. Figs. 566, 567, 568 represent a bench described 

entribotor to Amateur Work ; the dimensions refer to the rough unplaned wood, ¥ 
gant all be planed up with the least possible weale, ‘The legs a are 4} in. by 2 
ties 6, 1 in. thick, ate let into dhe legs § in, end The Lowa are Leh inte the 
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2, and both are screwed together by stout 2-in. screws placed so as not to interfere 
heach other. The top c is at least 1¢-2 in. thick, and made up of two pieces, which 
caused to lie close by the following means. When the frame (legs and ties) has been 
de quite firm and even, the two 11-in. boards to form the top are planed smooth and 


666. 
-5.0" 











co8 














e along the edges that are to meet; the outer edge of the board d is ecrewed securely 

the frame, and wedges are put under its inner edge to force it up about } in. from 

' frame ; while in this position the other board ¢ is thrust as tightly as possible against 

ind has its outer edge screwed down in a similar manner while ita inner edge ie 

sed § in. The 2 boards thus form a table with a ridge along the centre, whiles on 

yalar trough separates the inner edges of the beards. In this trough hot gus 4% 
ve 
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applicd, the wedges are withdrawn, and the boards are gently pressed down quite fl 
and secured by acrews and heavy weights, the latter being removed when the give hu 
set. This plan avoids the necessity for a powerful clamp. The chop f of the di 
fashioned wooden bench-vice is made of beech or oak, 2 in. thick and § in. wide ai 
reaches to the lower edge of the bottom 
side tie. The ecrew g passes through 
the chop f and the top side tie, at the 
back of which the nut should be 
screwed. In the neck of the screw is a 
groove for the reception of « thin slip 
of hard wood h, to be mortised through 
the side of the chop, and cut into shapo 
to fit half round the neck of the screw 
and into the groove, serving to pull the 
chop outwards. The chop is also fur- 
nished with a guide ber ¢, about 2 in. 
#q., mortised into it, and sliding in a 
guide box or channel provided for it; 
the angles of the guide bar may be 
planed off to ease its movements. The 
stop k consists of @ couple of wedges 
let right through the bed of the bench. 
The bottom ties may support a table 
of 4-in. boards, convenient for holding 
tovls temporarily. Tho coat of the 
complete bench is estimated not to ex- 
ceed 208.; suy wood 158. bench-scrow 
2s., ecrews, glu, atop, &c., 3s. Obviously the various etcoteras of more perfect benda 
can be added if desired ; and there is scarcely any limit to the uses which may be mule 
of the open spaces under the bed of the bench, as situations for drawers, cupbosns, 
tool-racks, or even for a treadle to work a small bench grindstone, circular or band =, 
lathe, or other contrivance finding a suitable foundation on the firm frame of i 
bench. 

Grindstone mount.—As already stated (p. 240), grindstones may be bought reel] 
mounted; but while the stone and its iron handle, friction rollers, and other metallt 
accessories had best be obtained in a complete form from some reputable firm (e. g. Bow 
Bros., Dublin), the wooden frame can be easily and most cheaply put together (Fig. 56) 
by the workinan himself. A good durable wood for the purpose is pitch pine; of thi 
will be wanted the following pieces :—2 (a) 3 ft. by 4 in. by 3 in. 1 (0) 4 ft. by 4iny 
lin, 1 (¢) 2 ft. by 4 in. by 2 in, 1 (d) 3 ft. by 2 in. by Lin., 4 (e) 8 ft by Sin. by 2m, 
the lot costing about 3s. Plane them all true and square. Take the 2 pieces 4 
forming the long sides of the top, and prepare them to receive, at 4 in. from each eh 
the onds of the cross-pieces formed by cutting c in half, the joints being made by dow 
tailing 14 in. decp. This should make the inside measurement of the top 20 in, by 7ia 
The four pieces ¢ for the legs are mortiscd into the frame sides a at an angle of bal 
85°, the morticos and tenons being cut on the bevel to suit; the legs should be 11} ia 
apart at the top and 14 in. at the bottom, to give stability to the structure, Thi # 
further increased by cutting the piece d into two halves, and letting it into the le 
across the ends at 14 in. above the ground. The dovetailed joints of the frame and tht 
tenons of the legs should be put in with white-lead; in addition, a stout S-in. screws 
driven into each dovetail, and the tenon joints are tightened by wedges. ‘The next sp 

is to fix the friction rollers exactly in the centre of each side of the top frame, and set 
ately parallel ; this done, the azle haa to be fitved inte the shone wo that is tauren B 
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face to ond. The dovetails are cleancd neatly out with narrow chisels, and the 
of the sides pared, after sawing off, to the gauge lines. 

Tho drawer stuff, all dovetailed, has to be planed on the inside and 
then try if the fronts and backs enter their respective sides: after which gioe tha 
follows, and this rule will hold good in all work of a similar kind :—Take s drawer 
and tho corresponding side, put some glue with a small brash into the recesses inal 
front, taking care to allow none to get on to the inner face; put a little on the end 
of the side and on the 2 cut-out corners ; stand the front on the bench, glued ead 
enter the side, and rap it home with hammer and a bit of wood ; tarn it over 
bench, the side standing vertically ; see that the junction inside is perfectly cles; 
a large equaro inside and preas tho side to agree with the square. ‘This dove, tala 
back belonging to this drawer, put glue on the pins to onter this same side, enter it 
rap home as with the front, Glue the remaining end of front and back, and mpa 
remaining side. See that the inside junctions are all cloee. Lay the drawer fat 
on the bench, and square it with a foot rule, applied from corner to corner. 

‘When both drawers are glued, lay them aside, and prepare the bottoms, Ths 
of 3-in. wood, and if not broad enough may be jointed with 3-in. mateh-plongha. Te 
this jointing, mark the best side of each piece, plaoe in the bench-vioe lug with 
sido next you, plane straight with half-long. It is usual to work the “ feather" ia 
narrower piece, if thero is broad and o narrow; it is aleo usual to work the 
first, Tho groove and feather made, rap tho joint up dry to seo it is close. Ifitt 
perfect joint, use thin glue made by dipping the brush into the boiler of the got: 
Apply the glue directly with one stroke of brush, and rap tho pieces together 
smartly with a mallet; they ehould need no cramping. When glueing of the baka. 
set, plano up both sides with half-long, ono edge aud one end aquared to each oui. 
hand plane inside of each bottom, Take the drawer bottom—plane, and makes 
by running a groove in a pieco of wood 4 in. or 5in. long. Lay the bottoms face dona 
tho bench, and bevel the odges now uppermost for about 1} in. inwurds, bringing 
thickness down to the ize of groovo in gauge (Fig. 584), in which g is the gauge wb} 
the bottom. This done on front edge and ono end, find 


the length to cut the bottom, by placing one corner in 

the groove at back of the drawer ; mark at the bottom 

of opposite groove. From this mark cut the bottom to 

the square, und bevel the back to fit gauge as before, 

sandpaper the bottoms inside, und before driving them into their places, ty ti 
they enter both grooves by inserting the bottom, both buck aud front edges, bees 
if wider at the back, they will burst or split tho sides. All being correct, drive th 
down genily with mallet, and sec that they enter the groove in the front to the fal 
depth ; ave also that tho sides are perfectly straight and not bulged in the middle. 
To block the bottoms, zluo on fillets in. broad, and } in. thick. These are fitted # 
the drawers along the bottom and side, and must be bevelled to the required sag 
‘They are well glued, and rubbed in with @ motion longthway, when they will take bab 
If they do not lio close along their length, cut them into 2 or more pieces before git 

2 or 3 short blockings of this kind aro also glued on behind the front ; these may beS® 
or fin, apart; whercas those on the sides are continuous, being subject to wear in sft 
use, These blockings should harden for 6 or 7 hours, after which drive 3 nails sbodt It 
in, long through the bottom into the back. 

Fit the drawers to the table frame by planing with jack and half-long. First rie 
the breadth of the sides to enter easily, then place @ piece of board. across the beck 
catch the drawer in the bench lug, and let the side rest upon this board. Plane bat 
sides and try into frame: when they push in with an easy motion, but not loose exe 
to shake, they may be hand planed, tho back dressed off, and the front planed to ss 


even with tho face of the frame. They must he shopped ek the back. by gloeing a0! 
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suffice. This consists in having crossed legs (x-shaped) at each énd of an oblong t, 
see Fig. 586, a. Tho top is formed in the usual manner of 3-in. boards joined up by 
tongueing and grooving and by glueing, with 2 or 3 cross ledges b screwed on benesth 
to give additional strength. These cross pieces should come 0 near the ends of the 
top a (say within 6 in.) as to afford space for the legs c (top ends) to abut against them, 
and be flanked in turn bya rail d without the rail coming within say 2 in. of the edged 


: 


the top. The legs o are of red deal, about 8 ft. long, 6 in. wide, and 1} in. thick, and 
are halved into one another where they cross. They are held in position by the rail 
and the bar ¢ at top, the latter being run the full length of the table and pinned outside 
at each end f; and by a second stouter rail g passing through the legs at the point where 
they are halved into each other, and held by a pin at h. It is obvious that any desi! 
ornamentation by carving, &e., can be given to the legs and rails. 

Seats.—Seats aro of miscellaneous kin’s, ranging from rustic garden chairs to ira 
benches and the most elegant specimens of artistic furniture. Here attention will bv 
confined to simple forms. 

Box stool.—The box stool or ottoman consists of a box without a bottom and withs 
stuffed lid, supported on knob feet. One is shown in Fig. 587. The box a is formed 
4 pieces of wood, 12-15 in. long, and 3 in. 
wide, dovetailed together. The top b is 
mailed on 80 as to cover the whole and 
overlap $ in. all round; this supports the 
stuffing © covered by a piece of carpet or 
woolwork. The interior of the box ie left 
empty. There is no complete bottom, but 
a wide strip of wood d is nailed all round 
the bottom edge of the sides, and into this 
aro scrowed the 4 knob fect e. A bead f may he run round in the angle between th 
strip d and the sides of the box. The stuffed top c may be made separately and aft 
wards attached by screws from the inside, 

B-legyed stool.—This is simplicity itself. The top or seat proper consists da 
circular slub of wood 1} in. thick having 3 1-in. holes bored through it at equidistant 
intervals about 1} in. from the edge. Into these holes are driven the stout rods forming 
the legs, the holes having been bored somewhat sloping eo that the legs may divers 
outwards to give solidity. When the legs are driven in quite tight, the portion whic 
projects above the seat is sawn off, and a wooden wedge is driven firmly into a slit ct 
in the top of each leg by means of a chisel. If the legs are less than 1 ft high, 1 
mails will bo needed ; but if more, they should be atrengthened by joining them together 
with 4-in. wooden rods let into holes bored in the legs at about 4 the height of the 

seat from the ground, and secured by glue. 
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of legs are situated ono at each end and ono in tho middle. 

length of the bedstead, course secking ¢ is stenined tightly across 

other, and brought round the corner, where it is securely nailed. 
prevents the legs opening tos wide, and forms the support of the bed and 
An additional solidity and finish is given by attaching a hend-board /, on 


nto holes bored for them in the rails a, By removing the head-board /, the 
d may be shot up 0 as to oceupy very little space. A foot-bonrd may be added 

fhe mame way, and will farther strengthen the structure. 
simple in constructive detail, only requiring more wood, ia the ordinary 
bedstead. Aa to material, almost any wood but doal ix suitable, 0, g. booch, birch, 


fon from 4} in. by 2} in. to Sf in. by 2in., according to the size of the 
Nee ya soacnsieneais refer to the rough timber, and are reduced considersbly 
and perhaps turning. The legs may be 3} in. sq. in the rough, 


with that which is bung around the sides and ends to fill up the space 
frame and the floor; but when the legs aro prolonged upwards to support 
Sard and foot-board. it is almost imperative to turn those portions which intervene 
‘the mortices, or the appearance is very mean. ‘T'bo plan of tho bodstoad haying 
docided on, tho 4 pieces for tho legs and the other 4 picces for the framo 
u square. On the sides of the logs are marked where the 
the reception of the ends of the frame, remembering that 
contiguous sides of the log to be mortised, Before 

which need only be 4 in, deop, i is cmential 

® hole is to be bored for the insertion of the bed-erew. 

x 
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Now, each post contains 2 mortices, as at a, Fig. 591, and s screw has to be inserted 
through the back (not side) of the mortice and into the end (not side) of th 
tenon; consequently the hole fur the screw mut be exactly in the centre of 
the post so far as its width is concerned, and this is ascertained by drawing diagoal 
linea, the centre being their point of junction, as st 6. But as there are tobe 
2 eorews inserted in the post, one b'for the mortice which is hidden in the cut, and 
snother for the mortice a, these holes must uot be on the same level, or they woud 
cross each other in the middle of the post—one must be at least 1 in. higher than the 
other. To ensure these holes being bored quite straight, it is well to mark oppzite 
sides of the post, and bore half-way from each side. Tl:e size of the holes should by 








such as just to admit with ease the bed-screws available for the job, several aizes being 
made. At the outer surface of the hole a recess is cut to allow the head of the bed-screw 
to drop in out of the way. When the holes are completed, the mortices may be cit: 
and after this the legs may be turned sccording to any desired pattern, so long as the 
portions carrying the mortices are not interfered with. Next the tenons are out 0 
the ends of the frame-picces and fitted into their respective mortices. Whilst in this 
position, each hole which has been bored in the posts is continued into the end of the 
frame-piece corresponding to it, as seen by the dotted line ¢, the hole being carrieds 
little deeper than the full length of the bed-screw when its head is recessed. The 
holes will be alternately a little above and a little below the centre of the tenon, to admit 
of the screws crossing each other, and not in the exact centre. When a hole is finished, 
a notch is cut into the side of the frame-piece, as at d, with s eharp chisel, just lage 
onough to receive comfortably the nut of the bed-screw, which must lie 90 that it it 
central with regard to the hole for admitting the bed-screw. The nut is made quile 
tight, so that it shall not revolve when the screw turns in it, by wedging in a little slip 
of wood, previously glued. When all these preparations have been completed, the 
bedstead is put together by inserting the tenons on the frame-pieces into the mortices 
in the legs, and screwing all up tight and firm by the bed-screws. If there is to bea 
foot-board, it is recessed a little into the legs, and a rail is then generally added abore it 
to connect the tops of the legs. The head legs may also be of a height (5 or 6) © 
carry a canopy, the frame of which is morticed into the legs and further su; 
by angle irons. The recessed ends of the bed-screws aro covered by little turned wooden 
coups made for the purpose. 
Chest of Drawers.—This article of furniture may be divided into 3 parts—the cas 
or frame, the cross pieces or partitions, and the drawers. A rough form is illustrated ix 
Fig. 592. The sides a and bottom b of the case are of 1-in. pine about 18 in. wide. The 
fottem is let into a v-shaped groove in the sides, and further supported by blocks glued 
on to the sides all round underneath it. The crose pleves od wze dovetailed into the 
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highly desirable, conducing as it does to the rapid and effectual cleansing of the! 
daily. The shelf will also serve to prevent the fowls from an upward dranght1 
may arise from deficiencies in fitting the floor-boards. 

The fittings of the pigeon-loft consist of a shelf placed 12 in. above the flerin 
which is an oblong box, without top or bottom, and’ divided in the centres sto 
a pair of nests, which are reached by an alighting board. .A similar contrivuxe 
the floor below it, and other lockers may be put elsewhere if required. A hour: 
dimensions stnted should accommodate with comfort 6 funcy pigeons and 8 a! 
fowls, besides chickens, In regard to the latter, when a hen becomes broody her’ 
plaoe is in the compartment reached by door ¢, where a nest may be made up! 
with 8 bricks and some moist earth. So soon as the chicks are hatched, they 
allowed the run of the compartment, and as they grow older may be given the 
one yard, from which the grown fowls are excluded by closing flap ¢ Shoal 
pressure be felt in reapect to accommodation for young chickens, an excelk 
sheltered from the weather is furnished by the dry shed under the roosting bo 
adult fowls being temporarily deprived of it by dropping flaps d and ¢ Suns 
air, combined with perfect safety from cats and vermin, may be afforded by vi 
with 1-in. mesh netting, the front side of the run; and if a piece of small quart 
secured to the bottom of the wirework, whilst the top depends from staples dri 
the joist above it, the protecting barrier may be readily raised when food and 
to be given. 

‘The fowls enter the house from the yards by the side doorway already describ 
they reach by means of a ladder made of a plank, with half a dozen steps of t 
or 5 in, apart. Ifa staple be driven through the plank and the flap d, a peg ¥ 
to keep both in position ; by withdrawing the peg, the flap falls and the dry shed 
in, whilst the ladder remains in its proper place. With regard to the yards, the 
are of 24-in. by 1}-in. quartering, mortised into a bed of 8-in. by S-in. stuff. T 
are 2 in. by 1} in. The wire below is l-in. mesh nailed to a plank 1 ft. hi 
the remaining portion of the runs, 1}-in. mesh netting is used. A door i: 
extremity. Following is a statement of the actual cost of materials require 
cumbined pigeon and poultry house, exclusive of the yards :— 





£ad 
Quartering.. 9... we eee 018 0 
Odd planking - 026 
Bricks and Lime . - 036 
‘Wood (beading) .. - 020 
Hinges eae 062 
Zine for Roofing 014 0 
Match-lining 14 6 
Glass 019 
Paint . 014 0 
Nails and Screws .. - 037 

£00 

—— 


Tho same writer in Amateur Work suggests a useful adjunct to the 
arrangement, fur the breeding season, to supply the following demands : (1 
spots for sitting hens, the nests placed on the ground, so that the eggs may 
the natural moisture of the earth ; (2) dry runs for young chickens, in which 
be housed with the mother hen during wet or windy weather; (3) dust bai 
box for the growing broods, chickens bring particularly plagued by insecte ; (4 
fattening cockcrels for killing. For pigeons, the moet presing demands are : ( 
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view, for every beard hereafter added to the structure increases. its stability. Onler’ 
lengths of quartering, and these can be cut to the required measurements with s 
minimum of waste. 

In Figs. 607 and 608 on tier ¢ in the skeleton sketch, 4 short cross pieces connecting 
the lower pair of braces are shown. These can be of 3-in. wood 2 in. wide, and 2 similar 
pieces can be nailed on the top of the frames from corner to corner, as 
‘an additional stay; 2 lengths will afford sufficient stuff. With the 
framework thus erected, the braces on tier a will form joists for the 
flooring, which is to go 3 only, or length of the compartment. This 
flooring consists of pieces of f-in. match-lining, 6 in. wide. The rabbet 
and groove arrangement locks the several boards into one safe whole, 
which answers the double purpose—that of a roof to the nests below, 
and of a platform upon which the pigeons parade in the sunshine. To 
maintain a rapid disposal of rain-water, give this platform an incline 
from left to right, which may be done by nailing a tapering fillet of 
‘wood upon one end of the joists. The eame plan serves for the flooring 
below, which, in its turn, protects the ash-box and dust-bath beneath ; 
in this case, the floor boards run lengthways instead of across, and the 
fillet without, being tapered, must be attached to the cross bar of the 
left-hand frame. 

For the sake of economy, it is best to employ mateh-lining on the 
other parts of the house, using say 3 lengths of 16 ft. each at Id. per ft. 
run, Mateh-lining should be nailed round 3 sides of tier a, as shown in Fig, 608 4 
door 15 in. wide is made by battening the wood together, with the planed surfsce cut 
wards; it can be hung to the upright by means of 6-in. garnet hinges, at Sd. per psi 
To divide the breeding place from the run, a few pieces of board nailed together, havog 
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pigeon-holes cut therein, may be kept in position by means of @ slide at top and bottom; | 
it will also be necessary to board in that portion of tier b at the side and back. Ti! | 
abare under control by the addition of the door at one end; measuring 8 ft, in heigi 
and 2 ft. in breadth, it answers for closing in the ends of both tiers, one large dot 
being more convenient and practicable then 2 smell ones, This door is a light fram 
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frame thoro must be a central bar, 3 in. by 2 in. ran from the head to the foot of the 
framus to carry the inner edges of the sashes, and this ahould have a strip j in. wide 
‘placed edgewiee down the middle to separate the 2 sasbes, On the top edges of the sides 
a. and similarly in the upper surface of the central bur, little channels should be grooved 
Gut to carry away any water that may find its"way under the edge of the eashes. The 
‘sashes themselves are made of 2-in. by 1-in, quartering, dovetailed at tho cornara, with. 
aa eres ee She Baas $8 Sensitbod on 348. 


‘The Roof—This is only 5 ft. high at tho enves, and 10 ft. atthe apex. It consiata 
simaply of fixed rafters mortised into n ridgo-board at top, and an eave-board at bottom, 


‘The width of the ridge-board « depends upon that of tho eashbors; 2 in, will be thick 
, | for the honse treated of, & representa the beading fastened by screws or 
‘pails to the top of the ridge-board, to preserve it from the action of the weather, as well 
‘ns to impart finish to building. a also shows how the sashbars are mortised into the 
ey cement be thes te thre in the ridge-board above ench 
glazing, cxpecial caro must be taken to thrust tho glass to tho top of these 
fo to make the ridge wenthor-proof. The size of the mshbars i debersiuek 
ae hie te enn. een 
With supports, av shows iad, A bar of the form shown by d, 2} mw. wy WW. wh 
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ch is the simplest form, the rafters a rest at foot on the wall-plates b, to which they 
only nailed, while at their upper ends they either butt against each other as at ¢, or 
crossed and nailed as at d. Obviously this is a very slender structure, and quite 






‘Wnfitted to bear any considerable weight 
‘°f roofing material, B, C represent pro- 
Qressive steps in strengthening this form 
by the introduction of one or 
‘More “collar beams,” which prevent the 
Collapse of the sloping rafters, and givo 
their name to this modification of the 
* @pan roof. In B, tho rafters a, measuring 
‘ually about 6} in. by 1} in. and carrying 
Scovering of 1-in. boarding b, butt against 
the ridge-pole o at top, and are cut out for 
‘the reception of the wall-plates d at 
bottom. At rather more than 4 of tho 
height from the wall-plate to the ridge- 
Pele, the rafters are tied by the collar- 
‘eams ¢, having the same dimensions as 
fhe mfters, and which msy be simply 
Railed to them at the ends, or halved in, as here shown. C differs from B only in 

having second collar-beam f, and the extra support of a purlin g let into the refers 
Gad the lower collar-beam « D is a modification of B, necessitated by the introduction 


ry 
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Figs. 641, 642, 648. In Fig. 644 tho joist a, instead of lying flat on the upper 
of the wall-plate 6, is connected by a mortice and tenon joint, the under side 
joist being mortised as at c, while a tenon d is cut into the wall-plate. 





‘The special uses of the ‘several kinds of joist will be best described when spe 
of the sort of floor in which they are employed; but it may be well here to state 
respective scantlings, i.e. their sectional dimensions. They vary of course with 


cre 





length of the bearing (the distance between the supports that hold them), as girt 
the first column of figures:— 
Flooring joists, 1 ft. apart. 

in, in. in, in, in in 


ft. 
5 wee wee EK OE 4a x 2 33x38 
10 wee we we OKIE 7 KO 
15 . Ux lb 10 x2 9 x2 
20 - xs 10 x4 
25 wxS WM x4 
Binding joists, 6 ft. apart, 
ft. in, in, im, im 
Be ae ee ee TT KB 9x2 
7f.6in 6 ww 6 9KSB 
Wo. ee KE xs 
12ft.6in . « «. Wx4 
IS. we oe we we IB KA 
20. we we ne 13 & OF 


Woe ete ee WATE 


eR SemascaePp 
eon ere wy 
RXNRXXKK 
(G0 SS b0 tO 0d is BD 


SRSasr 


| Flooring boards are generally 
Im, and 53 in. wide ; in thickness they ran § in,, 1 in., 1} in. and 19 in., at least they 
are called after these measuroments, but are really somewhat less owing to planing, 
‘The simplest kind of floor ia that termed “ singlejoistod,” in which the joists aro 
£2 in. opart, resting on tho wall-plates, and carrying the boards abore, while, if thoro bo 


ceiling, the veiling Jaths are nailed on below. Fig. 645 shows the boards a as they 

fest on the joists 0 Whon ceiling joists aro used, the arrangement is as shown in 

Wig. 646: a, flooring boards; b, joist; ¢, wall-plate; d, ceiling jolsta ‘The scantling of 
wall-plate will vary with tho longth of the bearing of the joists, as follows :-— 


Upton .. sas (a ase Ox WO 
WmoR .. «Shin. x Sin. 
WtoWh we « 7 in x Sin, 


he joists ehould have at least 4 in. of their length resting on the wnll-plate and wall, 
this may be increased up to 9 in. 
‘When the joists are unusually deep (for greater strength), or far apart (for economy 
e), there f# « danger that an extra weight on them may cause them to turn over on 
fide, To obvints thisdanger, “strutting” ia revorted to, In its simpler {oem taka 
* 
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consists of sections of flat thin wood placed edgewise between the joists, as sn ie 
Fig. 647, where the joists a are kept vertical by the struts b. Great force would be 
required to crush these struts, but there is a risk of their ends slipping. Thisit 
sometimes remedied by attaching them at one end to triangular fillets o nailed to the 





joist. The struts should all be placed in the same line, and the lines may be 2 or St. 
apart. A more secure way of strutting is that known as the “herring-bone,” ile 
trated in Fig. 648. It consists of strips of wood a of small scantling (ony 2} in y 
1 in, or 3 in. by 14 in.), crossing each other, and nailed at the top of one joist bal 
bottom of the next, maintaining regular lines at a distance of about 4 ft. 

‘Whenever a space has to be left in a floor, to provide for the insertion of « staires 
or a flue, the construction has to be modified by the introduction of a “ trimmer” for t# 
support of one end of those joists which are prevented from reaching to the wall-plses 
before. Fig. 649 shows the arrangement where the hole is required next the wall: sis 





@ wall, supporting the 2 joists b, while the 3 joists ¢ are out off to leave the spaced 
‘Tho trimmer ¢ is mortised at both ends into the joists b, and carries the free ends f 
the joists c, which are mortised into it. As the extra strain from the 8 joists ¢® 
thus supported by the 2 joists 2, it is necessary that these latter be stronger than the 
others, They are called the “ trimming” joists, and it is usual in ordinary flooring © 
add } in. to their thickness (not depth) for every joist trimmed. Fig. 650 illustrates the 
system adopted when the hole is at a distance from the wall, requiring the interventies 
of 2 trimmers: a is the wall, b, ordinary joiste; o, trimmed joists; d, trimmen; 
¢, trimming joists ; f, hole. 

‘The preceding paragraphs refer to “single” floors; but when the strain to be bame 
ds great, as in warehouses and similar structures, “ double” floors are adopted, as well ss 
“double framed” floors, In the double floor, Fig. G1,0 “ binder” or “ binding joist” 
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close to the one preceding it by means of the flooring clamp. Thus the joints a of ty 
ends of the boards 6 fall on the rafters c in straight lines with intervals betwea. 
‘When the flooring is “dowelled,” the boards are laid separately and straight os ia 
Fig. 654, the only difference being that their edges are united by dowels (emall pegs 
oak or beech) driven into holes bored for their reception, either between or over thy 
joista. Most commonly, flooring boards simply have their edges planed smooth, and ae 
forced into the closest possible contact, when they are held by the nails that fasten thar 
to the joists. But there are cases when a more perfect tight-fitting joint is poodd 























Fig. 655 shows the various ways of joining floor-boards : a, plain joint ; 8, ploughed ad 
tongued ; ¢, rebated; d, ¢, with a tongue of wood or iron inserted; f, with the tongue 
resting on the joist; g, ji, splayed. 

When a floor is finished, it is usual to hide the ends of the boards where they met 
the wall by nailing a skirting board round, This may be plain or ornamental. It ret 
on the floor and rises close against, 
the wall, to which it is fastened 
by occasional nails passing into 
wooden bricks, called “ grounds,” 
inserted in the wall to take tha 
nails. In superior work, floors 
ere “deadened” or “ deafened" 
by placing a bed of non-conduct- 
ing material bencath them. To 
support this bed, strips of wood 
are nailed to the flooring joists to 
carry thin “sounding” boards, 
on which is spread a thick layer 
of old mortar or plaster, known as 


“pugging.” This is shown in 
Fig. 656: a, joiste; b, flooring 
boards; c, strips called “firring 
pieces,” bearing the sounding iin 


boards d loaded with pugging e. 

Roofs.—In discussing roofs, attention will here bé confined to the timber part of the 
structure, leaving the covering to be dealt with under the section on Roofing; and the 
descriptions will stop short at thove kinds of rool where exchitectural and enginewing 
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wall g is carried up above the bottom edge of the roof, forming & parapet surmounted by 
‘9 coping, instead of lying underneath it as before, another form of gutter is demanded, 
This as seen at h, consists of sheet metal running up underneath the roofing material 
far enough to form a trough. Another contrivance for guttering along a parapet wallis 
shown in Fig. 668, and is termed a “ bridged” gutter. The rafters a, butting againt 
the wall-plate b carried by the wall ¢, support a “ bridging-piece” d of small scantling, 
on which lies a board flooring ¢ bearing the sheet metal (zinc or lead) gutter /. 








When the roof is required to possess greator strength than can be obtained with te 
use of a simple tic-beam, the construction assumes a more complicated character, as sen 
in Fig. 664. Hero the tio-beam a rests as before on the wall-plates b, c, but at the beck 
ond it supports a king-post d, from which the strut ¢ passes to sustain the “ principal” 
rafter f, whose upper end butts against a fillet on the king-post d while its lower ed 
is borne by the tie-beam a. Running parallel with the walls, and carried by ths 
“principal” raftors f, is the “purlin” g, whoso duty is to hold up the “common” 
rafters h on which the roofing material is laid. The common refters lie at intervals d 
14 in, coutre to contre, while the principal rafters are generally about 10 ft. apart 
Tho upper ond of tho strut e (Fig. 664) is joined to the under side of the principal 
rafter f by « tenon, which may be either simplo (a) or angular (6), Fig. 665. Is 





Fig. 666 is seon a way of joining the purlin to the rafters: the purlin a is led into 
Grooves in the faces of the common and principal rafters }, o respectively and batis 
against the block d wedged into the upper face of the principal rafter e. The feetal 
the struts may either butt against the sloping shoulders of the king-post as at « (Fig 
667) or be tenoned in as at b. 

Ordinary span roofs with various modifications are Wurkreked, in Big. &R. Ta A 


i the simplest form, the rafters a rest at foot on the wall-plates %, to which they 
eel, while at Their uppor onds they either butt agninst each pre pe 
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of a ventilator in the roof: a is the collar-beam supporting the purlin } and rafters: 
well as the uprights d of the ventilator. In E a new feature occurs in the shape: 
“ strut” or “ brace” supported by a “ tie-beam.” Here the tie-beam a resting on 
wall-plates 6 carries at its ends “ pole-plates” o let in, and which in their turn bear 
lower ends of the rafters d, butting at the apex against the ridge-pole e. To reduce 
strain in the middle of the rafters, the strats f are employed, receiving their say 
from the ends of the straining sill g against which they abut. 

When a strong roof of say 20 ft. span is required, the truss principle is fally ar 
out, as in the “ king-post ” rof, Fig. 669. Here tie-beams a measuring 9 in. by 4 in: 
placed at intervals of about 10 ft. resting on the walls and wall-plates 6. Fromt 


670, 





centre of each tie-beam rises the king-post c, measuring 5 in. by 8 in; abuttingaga 
its lower shoulders on each side are struts d, 3} in. by 24 in., reaching to the middle of 
principal rafters ¢, 6 in. by 3 in., whose feet rest on the tie-beam a, while their head 
under the upper shoulders of the king-post c. Just outside the line of the wall-p 
and that of the feet of the principal rafters, the tie‘beama o have qle-plates f, 4 in, 
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tie-beam a carries a strip of quartering b, against which abut the lower enis dt 
rafters c; a bridging-piece d supports the floor of the gutter 6, 

Doors.—Ordinary room doors are of 2 kinds, distinguished as “ledge” al 
“panelled.” The former are easier to make, heavier, and stronger, but have s cus 
place appearance, Every kind of door requires a wooden frame occupying the mii 


672, 





of tho space to bo closed, and into which tho door may shut as closely as possible. Ite 
doorway bo situated in a wooden structure, the timbers of this structure will be amagu 
to form the door-framo; in other case, the frame must be made and secured in pat 
ready for receiving the door. The essential 
parts of the frame are, as seen in Fig. 674, 
a lintel a, 2 jambs }, and a sill ¢; the bottom 
ends of the jambs are mortised into the sill, 
‘When the doorway is in a wooden structure the 
top ends of tho jambs may also be mortised into 
tho lintel; but when tho frame has to bo 
built into a brick wall, the lintel and jambs are 
usually housed or halved into each other and 
made to project somewhat, as shown. The door 
represented in the figure is a kind of ledge door, . 
fitting closely into the space encloeed by tho 
frame a,b,c; the inner side is shown, in which 
the latch and hinges should be fastened. On 
opposite faces of the jambs and on the under 
side of the lintel a fillet of wood is nailed in 
such a position as to serve as a stop against 
which the door may shut, leaving its outaide 
face flush with tho frame; and when hanging 
the door, care should be taken to support it off 
the aill by a thin strip of wood, 0 as to ensure 
its moving freo of the sill when opened and closed. Hinges and latches are cht 
according to the weight and finish of the door. 

Ledged doors of several kinds are shown in Fig. 675. The simplest and moet ex 
made is A, consisting only of the requisite number of 1-in. to 2-in. boards a, placed q! 
close together (tongued and grooved in better work) and held by the ledges 6, to wi 
they are fastened by clasp nails. In B, the vertical boards a are secured to ledges! 
before, but these ledges are strengthened by the diagonal braces ¢, the whole formin 

Jodged and braced door, O ig a framed and edged door, in which he uynight bor 











cut off to admit the frame. As both tho roof and tho akylight present a 
position, most of the cutting ia on the bevel, The space to be occupied by the 
framo is enclosed by joining the rafters which ure interfered with by crnes- 

‘of stont quartering. The whole structure is well illustrated in Fig. 681, taken 


lar box made of 1-in. planed deal, about 9 in. deep, dovetailed at the corners, and 


es shown. This box should fit tightly into the rectangular space made for it, 
‘meonred by nails or screws to the mfters at the sides and the crossbars b,c at 
‘bottom. The top edge of this box should have » groove ploughed in it to 
‘tain-water, and it may havo # fillot } in. high nailed all round the outside, to 
€ gash that is to lic on the top, This sash / is made in tho 


by the rod g, which may be of any reasonable length. When the sash 
the roofing material must be adjusted to it, to exelude the 
Taying the rooiing (alates, tiles, felt, &c.) wp to the tkyligh\ yiecen, 
feud al! zound if, one at the head A being turned up the wookwors 
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(elon caule are far inferior to thoso made of smooth shoot zino }- in, thicks 
re more easily and quickly heated, and never adhere to the glue which comes 
with their surfaces, Wor work of large size it is most convenient to ui 
et zino in several pieces placed closely eige to edgu. 
ar, the vencering of flat surfaces only has bocn dealt with, For small corners 
where no clamp will hold, it will be found very advantageous to employ 
mich as are used by upholsterers for securing gilt mountings; these ean 
fn out when the work is dry, and tho «mall punotures remaining in the veneer 
| effectually hidden by tho polish subsequently applied. For simple rounded 
)) work, an cffeotire ond easy plan is to encircle tho work with picoos of string or 
id at intervals, commencing in the middle, and placing slips of wood between the 
kod the vencer to prevent the latter being out into. A useful contrivance as an 
‘to tho hammer process for round work (Fig. 687) ix made by attaching the 
8 pices of stont canvas a by means of tacka b to the sides of a hard bourd ¢, 
arn wad longer than the work, and provided with ecrows d. ‘The work 
with tho venoored side towards the canvas, which latter is 
tightly against it by turning tho screws d till they hold firmly against 
of the work, When the work is thns fixed, the canvas is soaked with hot 
r , the screws being moanwhilo tightened a little, As tho glue com~- 
é » the yenecering hammer is passed over tho canton covering Ths 
p pressuro is carried to a maximum degree, when the Whole we yok whds 
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‘ssually dowelled on, and, if woll done, they aro fairly durable. 
aailigeracs or round, as the case may be, is another mothod, 
front lege, let the carver finish the incising; clean off, and the chair 


fons (Foldtng) — Fig. 696 illontraten tho construction of folding portable book 
hich may be carved and ornamented to any degree. The 2 ends a aro 4 ft. long 
(and 1 Laskar 


ves, The bottom board forming the lowest shelf is hinged to the cross 


the bottom of the other end picce, with sufficient spnce to ndmit the second 
ind it, As the bookense ia 5 ft. 6 in. wide, the back may consist of 4 boarda 
together as at d,and folding neatly up. The space ¢ will hold the ornamental 
railing fitted to the top, and which is held in placo when tho bookease is up by 
fenons mortised into the uprights), The shelves are held up by shallow tenons. 
is made of $-in. wood ; the ends and shelves are 2 in. 

(t of Drawers.—The following detailed and illustrated description of the con- 
Jn of a cheat of drawers has boen modified from one which appeared some tims 
1 Amateur Mechanics. The example here given consists of o base, surbase, and 
ease or body. In tho usual method of structure, a lange part of the work is 
od, the whole front included. ‘The gables and top are solid, usually bay mahogany, 
] ed ee eat ac gerae eh be in, thick, and 
(d round the edges to cover the whole. The breadth across the front is 4 ft. 1 in., 
b depth from front to back, 20 in. at the body or upper carcase. The base, which 
tealled the foundation course, is 5 in. high, hoving 4 ball feet under it; these 
+S in. from the floor, Over this base is the surbase, made to contain a large 
| 22 in. deep on the face, and having the mouldings mitred on the face of it. Tho 
of these bases have semicircular blocks on the ends, that on the base being 
and that on the surbaso 5 in. brond; the ends of the drawer aro fitted 
between these 2 latter, The surbase is screwed to the bowe, and the latter pro- 
the former} ip. all round. The surbase is surmounted by a “thumb” 

in. thick, and over this in placed the body or top carcase. This contains 5 
" dopths on the faco, starting from the bottom, being 9} in., 8} in., 7} in, 
pa the uppermost, that with the carving, 5 in. The top over this last drawer 
‘the total height being 5 ft. £ in. The base is made of j-in. pine, and in 

all round, The surbase has solid gables fia. thick, and the semicircular 
‘The top carcase has a“ ground” up each side at the ends of the 

"This, inclading the thickness of the gables, is 3} in. broad and 2 in. thick. 

. are veneered. At the top of the grounds are yemicirediar 

6 in. long, nt the end of tho top drawer, and the top over all projects wi round 

2s 
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difficulty of procuring them in pieces of any sizes, for, as their texture indicates, they 
are mostly bushes of slow growth, rarely attaining to more than 10 in. to 12 in. in 
diameter, added to which, as regards boxwood especially, it is largely used for other 
purposes besides carving, which necessarily increases the demand, and makes it mor 
expensive. 

‘When any very delicate designs have to be execnted, and the most minute finish 
is required, boxwood, ebony, or any other equally hard and close-grained. woods ar 
decidedly the best to choose, 

‘Woods with ornamental grain, as bird’s-eye maple, satinwood, yew, and Jaburnu, 
are not desirable for carving purposes; the grain and colour often interfere with the 
effect which it is an object to produce, 

Tools.—The work of the carver rarely needs a special bench, any short deal talle 
answering every practical purpose. This should be of a convenient height to suit the 
operator, and be placed under a north window for the benefit of the light. The workmat 
should stand rather than sit at his work, and will find a revolving musio-stool the lent 
inconvenient seat. The work-table should admit of holes being made in it for tht 
reception of a screw for holding down the work. The cutting tools used are of special 
forms, representative examples of which are illustrated herewith. Fig. 700 is a stright 


JUL 
NADY, 


carving chisel; Fig. 701, akew carving chisel; Fig.702, a flat carving gouge: Fig. 08 | 
8 medium carving gouge; Fig. 104, & cerving gouge for scribing ; Fig, 705, 0 de? 
carving gouge; Fig. 706, a straight foting goure, Big. WI, atrontoent duting gous 


105. 
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given in the following table must only be taken-as an approximate guide when the 
materials are of good quality :— 


‘Taste showing the Composrrion of the different Coats of Warre Panrr, end the 
Quanrrries required to cover 100 yd. of MEWLY-woRKED Pors. 


tls 





Rolled 
Linsecd-oil. 
Turpentine, 


i = 
































Inside work, 
4 coats not flatted.| | om | pe. 1 
Priming } | Sometimes more red-lead is u=i 
aie + and less drier. 
Br coat + | * Sometimes just enough rei- 
4th coat t lead is sea to give a fled 
coloured tint. 
Turifle work, | 
4 coats and slatting. | 
Priming =. «. | 1$] 16 |6 
Qndcoat «. «| .. | 12 [4 
Hrd cout 4 
4th coat 4 
Flatting +) oe | | 9 | 
vn tie finished colour is nt 
Z ? ‘0 be pure white, it is better 
‘ Onistde: Certiad to have nearly all the oil boiled 
« oil. All boiled oil does vt 
Priming 2/2 1-8 work well. For pure white, 
@nd cont 2/2 4| 1-10 @ larger proportion of raw ol 
rd coat 2|2 4} 1-10 is necessary, because boiled ail 
4th cout 8 | 23 1-10 | is too darle, 











For every 100 0q. yd., besides the metorials enumerated in the foregoing, 2} I. 
white-lead and 5 Ib. putty will be required for stopping. The area which a gina 
quantity of paint will cover depends upon the nature of the surface to which it # 
applied, the proportion of the ingredients, and the state of the weather. When th 
work is required to dry quickly, more turpentine is added to all the coats In 
repainting old work, two coats are gencrally required, the old paint being considered 
priming. Sometimes another coat may be deemed necessary. For outside old wak 
exposed to the sun, both coats should contain 1 pint turpentine and 4 pints boiled oll, 
the remaining ingredients being as stated in the foregoing table. The extra turpentin 
is used to provent blistering. In cold weather more turpentine should bo used to make 
the paint flow freely. 

Measuring Painters’ Work.—Rurface painting is measured by the superficial yd, 
girting every part of the work covered, always making allowance for the deep cuttings 
in mouldings, carved work, railings or other work that is difficult to get at Whee 
work is very high, and scaffolding or ladders have to be employed, allowances must be 
made. The following rules are generally adopted in America in the measurement d 
work :—Surfaces under 6 in. in width or girt are called 6 in.; from 6 to 12 in. 12in; 
over 12 in. measured superficial. Openings are deducted, but all jembe, reveals 
castings aro measured girt. Sashes are measured solid if more than 2 lighta, Doo 
abuttors, and panelling are measured by Yhe grt, ranning the tage in all quirks, angie, 
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of copper and steel plates as may have been accidentaNy scratched, or speckled, when 
false lines are to be removed, and also to lighten in a small degree such parts as bw 
been too deeply etched or graved. In clockmaking, those pieces or parts are burs 
which, on account of their size or form, cannot be conveniently polished. ‘The buruiss 
are of various forms and sizes; they are all made of cast steel, very hard, and wil 
polished ; some are formed like wage-leaf files, others like common filee—the fint m 
used to burnish screws and pieces of brass; the others are used for fiat pices Tw 
clockmakers have also very sinall ones of this kind, to burnish their pivots—they a 
called pivot burnishers. 

Book Edges.—This is done with a wolf's or dog’s tooth, or a steel burnisher; for tha 
purpowe place the Looks in a screw press, with boards on each side of them, and othe 
boards distributed between each volume; first rub the edges well with the tooth to gin 
them a lustre. After sprinkling or staining and when the edges are dry, buruish te 
front; then turning the press, burnigh the edges at the top and bottom of the vom 
Burnish the gilt edges in the eame manner, after having applied the gold; but ole 
in gilding, to lay the gold first upon the front, and allow it to dry ; and on no scom 
tw commence burnishing till it is quite dry. 

Cutlery.—Tho burnishiug of cutlery is executed by band or vice burnishers; thy 
are all made of fine stecl, hardened, and well polished. The firat kind have nothig 
partioular in their construction ; but vice burnishers are formed and mounted in sve) 
different manner. On a long piece of wood, placed horizontally in the vice, is fod 
another piece, as long, but bent in the form of a bow, the concavity of which is tame 
downwards, These two picecs are united ut one of their extremities by a pin ana 
hook, which allows the upper piece to move freely around this point as centre. Te 
burnisher is fixed in the middle of this bent piece, and it is made more or less pr 
jecting, by the greater or lesser length which is given to its base. The movable pieed 
wool, at tho extremity opposite to the hook, is furnished with a handle, which srs 
the workman as a lever, This position allows the burnisher to rest with greater fare 
against the article to be burnished, which is placed on the fixed piece of wood. Tw 
burnisher has either the form of the face of a round-headed hammer, well polishd® 
Iurnish those pieces which are plain or convex; or the form of two cunos opposed & 
their summits, with their bases rounded, to burnish those pieces which are concave # 
ring-shaped. 

Pewter.—The burnishing of pewter articles is done after the work has been tame 
or finished off with a scraper. The burnishers are of different kinds, for burnisbi¢ 
articles cither by hand or in the lathe; they are all of steel, and while in use are rubbed 
with putty powder on leather, and moistened with sonpsuda. 

Silver.—Commence by cleaning off any kind of dirt which the surfacea of the silt 
articles had contracted whilst making, as that would cotirely spoil the burnishiog. 
For this purpose, take pumice powder, and with » brush, made very wet in stroog 
soapsuds, rub the various parts of the work, even those parta which are to remain dull, 
which, nevertheless, receive thus a beautiful white appearance; wipe with an ld lisa 
cloth, and proceed to the burnishing. 

Crocus.—Put tin, as pure as possible, into a glass vessel—a wineglass dues very wl 
when making enull quantities—and pour in sufficient nitrio acid to cover it. Gret 
heat is evolved, and care must be taken not to inhale the fumes, as they are poisonow 
When there is nothing left but a white powder, it is heated in a Hessian crucible, to drive 
off the mitrio acid. 

Emery Paper.—Kmery paper is extensively employed for cleaning and polishing 
metals, but all the kinds in use hitherto have the great disadvantage of not retaining 
nn equal efficiency, The fresh yarts bite too much, and the paper itself soon gets wort 
through in places. Emery on linen bas been (tied, oot withont euocess, Te emet 

paper recommended by the Manufacturer and Builder is wal 0 yaakdou with can 





















458 Porisutnc—Metals, 


brush. (9) An excellent preparation for polishing plate may be made in the following 

Mix together 4 oz. spirits of turpentine, 2 oz. spirits of wine, 1 oz. spirits d 
camphor, and } 02. spirits of ammonia. To this add 1 1b, whiting, finely powdered, wl 
stir till the whole is of tho consistency of thick cream. To use this preparation with « 
clean sponge, cover the silver with it, 80 as to give it a cout like whitewash. Set the 
silver aside till the paste has dried into # powder; then brush it off, and polish with s 
chamois leather. A cheaper kind may bo made by merely mixing spirits of wine ad 
whiting together. 

Prepared Chalk.—(1) Pulverize chalk thoroughly, and mix with distilled water in ty 
proportion of 2 1b. to the gal.; stir well, and then allow it to stand about 2 minum 
during which timo the gritty matter will have settled to the bottom ; then pocr tit 
chalky water into another vessel, being careful not to disturb the sediment, and sll 
the fine chalk to settlo to the bottom ; pour off the water, and place the chalk ina wm 
oven to dry. This is an excellent powder for restoring silver, and it is also usefal 14 
base for other polishing powders, (2) Spanish whiting treated in the same manner, wit 
a small quantity of jewellers’ rouge udded, makes @ powder that is a little sharper ta 
the prepared chalk, and which is well adapted to cleaning polished steel artida 
(3) A third powder, and one that is still sharper than either of the above, is made 
rottenstone treated in the samo manner asthe chalk. The addition of bone black # 
uny of these powders will prevent their discolouring leather. . 

Putty Powder.—A solution of commercial tin chloride is prepared by pouring @ 
1 part of the salt 6 of boiling distilled water, and the solution is filtered thronghs 
cloth into @ cylindrical glass vessel, in order to allow the foreign substances which s® 
sometimes found in the chloride to deposit. The filtration by means of filtering-pest 
is too slow, and it is always attended with the loss of a subchloride which doea not pa 
through filterng-paper; therefore this filtration is not practicable, and may be coe 
pletely replacod by passing the solution through linen. Into the still hot and sims 
clear solution of tin chloride is poured @ concentrated solution of oxalic acid; a whit 
precipitate of oxalate of protoxide of tin is formed. After complete cooling, the lique 
is decanted, and the precipitate is washed on a cloth with cold water until the washiig 
water has no longer an acid reaction. Tho tin oxalate is afterwards heated, dried # 
an iron plate, or in a boiler of the same metal, over a smull charcoal fire. The deus 
position of the sult commences at red heat, aud there remains, after the disengagemet 
of carbonic ucid gas, and carbonic oxide, a quantity of tin oxide in the state of extrest 
division, During tho decomposition, which must be accelerated by stirring with anima 

the matter undergoes « considerable increase of bulk, consequently it is neces] 
to employ for this operation very spacious vessels, 60 as to avoid loss. (Watt.) 
‘or Puste.—(1) Mix fine emery intimately with fat and’ wax until the prot 
consistency is obtained in the paste, and then rub it well into the leather strap. Prepue 
the emery by pounding thoroughly ina mortar the onarse kind, throwing it into a Lint 
jug of water and stirring well, Immediately the large particles have sunk, pour of 
into w shallow plate or basin, and let the water evaporate. This emery is better fo 
engraving and other purposes than that prepared at the emery mills. (2) The grt 
from a fine grindstone is very efficient for a razor paste. (3) Levigated oxide of ti | 
(prepared putty powder), 1 0z.; powdered oxalic acid, } 0z.; powdered gum, 20 ¢: 
wake into a stitf paste with water, and evenly and thinly spread it over the strop. With 
very little friction, this paste gives a fine edgo to the razor, and its efficiency is alll 
further inereasod by moistening it. (4) Emery reduced toan impalpuble powder, 2 parts; 
wpermaceti ointment, 1 part; mix together, and rub it over the atrop, (5) Jewellay | 
rouge, black-lead, and auet, equal parts ; mix. : 
Kottenstone (Tripoli). — This very useful polishing medium is a natural prodod 
Origially obtained from Tripsli, from which it dcrivea ite name. It is of a yellowish 
Arey colour, and. its particle are impalpaly Sue, beuce Wa emogment tox wlishag | 
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not becatse it 18 80 perfect as not to admit of improvement, for it has never kaw 
compounded that surfaces produced from it would resist a very high degree of but 
without suffering partial decomposition, and consequently it could not be employe! fr 
many purposes which otherwise it is destrable that it should be, but chiefly beam 
those who make polish—that is, the wholesale makers—are not themselves sufficesty 
acquainted with its requirements. 

‘With regard to its lustre-yielding properties, It is everything that can be dein; 
and surely the resources of chemistry would not be exhausted in discovering sumelig 
that would make it more impervious to heat. In the hands of competent perso i 
not unreasonable to suppose that some beneficial result might be arrived at, nam, 
the combination of a heat-resisting with its lustre-yielding properties. As sn ena 
of what is required, one may point particularly to the dining-tables of the ante-Frad 
polishing period, which were brought up toa marvelously brilliant surface by mad 
linseed-oil and years of hard rubbing, @ surfuce that would reaist equally the hatd 
the hot dishes and the tricklings of wine from the decanters. The lac substan, 
iteelf a yellowish-brown colour, semi-transparent, and very brittle, prodoces, vet 
dizeolved in spirits of wine, a solution of a yellowish-brown colour, which, when smid 
tu woods of various and delicate shade, such as the white, silver, gold, purple, black be, 
which enter into marquetry, was found to communicate s fulse hue, and tended to mr 
the harmony it was wished to improve. Hence arose the necessity for bleaching i» 
that « solution might be prepared suitable for any combination of colours wie 
destroying or injuring their effect. But, as there is no good without an evil, the proms 
of bleaching acts very detrimentally on the more soluble constituents of tho lac, deprivig 
them of a considerable portion of their original body and density. 

This is easily proved by pouring a solution from one bottle to another, when it Wil 
bo acen to flow in a light, frothy-like stream, much less dense than a solution dt 
unbleached article. Further evidence is in the fact that polishers using it in high te 
peratures are commonly heard to eay that they cannot get it to lie flat, a tea 
applicable and correct as any, perhaps, when carefully examined ; fur the heat, scitg 
upon the chlorine, which has undoubtedly entered into combination with it in the pr 
cess of bleaching, cauacs that gas to expand, so that the more polish be applies te 
more gas he has to contend with, in impeding that cohesion and crystallization vid 
he is endeavouring to bring about. 

Polish, under its most favourable conditions, is a compound so liable to change 
variutions of temperuture, humidity, pressure, &c., that makes its use very variable sl 
uncertain. Lac in its dry state, and in a temperature higher than is ever required it 
polishing, is totally unaffected ; but put into boiling water, it speedily becomes softs 
plastic, und on being removed from the water resumes its original character of hariaes 
quickly, from its inferior capacity for heat. Not so ia it with spirits of wine, its mt 
struum; this has an extraordinary capacity for heat, insomuch as that it will volatile 
in the ordinary state of the atmosphere, its briskness increasing with increase d 
temperature. 

Now, although boiling water has no action on lac, other than to soften it for te 
time it is immersed in it, having no power tu dissolve it of itself, atill that substance # 
very differently affected when in combination with epirits of wine, its true solvent, te 
strong uffinity for heat of the spirit entirely overcoming the feeble capacity for it in tht 
lac; and so strong is the affinity of the spirit for the lac, that it separates ite lust pr 
tions from that substance, when fairly combined, with the greatest difficulty. Thus th 
necessity, in polishing, of a moderate degreo of heat, to assist that produced by the 
friction of the rubber, in forcing out that clinging portion of spirit before solidity am 
brilliancy can be obtained. 

The most favourable temperature for polishing appears to be 60-70° F. (16-21°C): 
ascending above this, one portion of the spirit evaporates before a proper distribatioa 
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ipso, and give slow forward and quick reverse motion. 
‘Pigs 880, $81. Theso aro parts of the same movement, which has been used for 


d heart-cam ©, D, B, ¢, Fig. 880, the stud A working in the 
from © to D it moves the roller backward, and from D to ¢ it moves it 
d, the motion being transmitted through the catch G, to the notch-wheel F, on the 
H. When the stud A arrives at the point ¢ in the cam, a projection at the 
of the wheel which carries the cam strikes the projecting piece on the catch G, and 
‘it out of the notch in the whee! F, so that while the stud is travelling in the cam 
4 to O, the catch is passing over the plain surface between the two notehes in the 
F, withoutimparting sny motion ; but when stud A arrives at the part ©, the catch 
dropped in another notch and is again ready to move wheel F and roller as required. 
‘Fig. 882, An arrangement for obtaining variable circular motion, Tho sectors sro 
d on different planes, and tho relative velocity changes according to the reapec- 
diameters of the sectors, 
Fig, 883, Intermittent circular motion of the ratchet-wheel from vibratory motion 
of the arm carrying a pawl, 
Wig. 854. Dmg-link motion. Circular motion is transmitted from one erank to the 


‘ig. 885, This represents an expanding pulley. On turning pinion d to tho right 
ft, u similar motion is impurted to wheel c, which, by means of curved slots cut 
thrust the studs fastened to arms of pulley outward or inward, thus augmenting 
€ hing the size of the pulley. 
Fig. 899 represents « chain and chain pulley. The links being in different plancs, 
es are left between them for the tecth of the pulley to enter, 
Pig. 887. Another kind of chain and pulley. 
Fig. $88. Another variety. 
Fig. 889 ehows two different kinds of stops for a lantern-wheel. 
Fig. 890. Transmitted circular motion, ‘The connecting rods are so arranged that 
n une pair of connected links is over tho dead-point, or at the extremity of its stroke, 
other is et right angles ; continuous motion is thus ensured without a fy-wheel. 
Fig. 891. Intermittent circular motion is imparted to the toothed wheel by vibrating 
ara B. When the orm B is lifted, the pawl C is mised from between the tecth of 
wheel, and travelling backward over the clroumferenco again drops between two tovth 
lowering the arm, and draws with it the wheel. 
Pig. 892. The oscillating of the tappet-arm produces an intermittent rotary motion 
‘the ratchet-wheel. The amall epring at the bottom of tho tappot-arm keops the 
fm tho position shown im the drawing, as the arm riscs, yot allows it to paw the 
th on the return motion, 
_ Fig. $9. A nearly continuous circular motion is impurtod to the ratchet-wheel on 
Ibrating the lever a, to which the 2 pawls 5 and are attached. 


“Fig. 894. An arrangement of stops for a spur-goar. 
Fig. 895, A reciprocuting ciroular motion of the top arm makes its attached pawl 
‘an intermittent circular motion of the crown-ratehet, or rag-wheel. 
| Fig, 896 represents varieties of stops for n ratcbot-whecl. 
Mg. £97, Tntermittent ciroular motion is imparted to the wheel A by the qanticsunsan, 
motion of the emaller wheel with one tooth. 
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in the top of the pillar G, the disc and ring seem indifferent to gravity, and instead of 
eu Ri Mesled sata ote peared 

975. Bobnenberger’s machine, illustrating the samo tendency of rotating 

‘This consists of 3 rings, A, At, A#, placed one within the other, and connected 


u ume direction, no matter how the position of the rings may be altered; aud the 
At which t = 
Anderson, in 1858. A is a heavy wheel, the axlo B, B', of which is mado in 
connected together by « universal joint, The wheel A ison one piece B, and 

® pinion I on the other piceo B'. The picce B is cennested at its middle by a hinge 
ot with the ruvolving frame H, so that variations in the inclination of the wheel A 
STOR abel ‘The frame H is driven by bevel- 


of the governor, the atronger is the tendency above mentioned, and the more it 
0 the foree of the spring, and the reverse, Tho pieco B is connected with the 
ds by reds C, D, and the spring L is connected with the said roda by lovers N 


‘by alternately preesing down and relieving the transverse bar to which the 
are attached, causing the bands to wind upon the spindle alternately in opposite 
while tho heavy disc or fly-whcel gives a steudy momentum to the drill- 


ome oe Continuous rotary motion from oscillating. The beam being made to 
1 the dram to which the cord is attached, working loose on fly-wheel shaft, gives 
to seid shaft through the pawl and ratchot-whecl, the paw! being attached to 

und the ratchet-wheel fast on shaft, 
Fig. 960. Another simple form of clutch for pulleys, consisting of a pin on tho 
ur shaft and » pin on side of pulley. The pulley is moved lengthwise of the shaft 
‘of « lever or other means, to bring its pin into or out of contact with the pin 


the shaft working in oblique groove in the lower cylinder. 
‘Fig. 982. See-saw, one of tho simplest illustrations of a limited oscillating or 
motion. 


Wig GES, Cylindrioal rod nsranged botweon 2 rollers, the axes of which are oblique 
pench other. Tho rotation of the rollers produces both » longitudinal and » rotary 


| Fig. 98. Intermittent rotary motion from continuous rotary motion about an axis at 

" es, Stnall wheel on left is driver; and the friction-rollors on ite radial studs 

tugainst the faces of oblique grooves or projections aorass tho face of the larger wheel, 
motion thereto, 

A parle! ruler with which lines may be drown at required distancos 

out satting out. Lower edge of upper blade bss a gradunted ivory scale, on 

incidence of the outer odge of tho brass arc indicates the width between the 


980, Drilling machine. By the large bevel-geat rotary mumion is ven 
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condemned to labour, and employed in grinding grain; turns by weight of persons Hep 
ping on tresd-boards on periphery. This is supposed to be a Chinese invention, and its 
still used in Chins for raising water for irrigation. 

Fig. 1001. Saw for cutting trees by motion of pendulum, is represented as cuttings 
Tying tree. 

Fig. 1002. Adjustablo stand for mirrors, by which a glass or other article canie’ 
raised or lowered, turned to the right or loft, and varied in its inclination. The seas 
fitted into a socket of pillar, and secured by a set screw, and the glass is hinged to te 
stem, and a set ecrew is applied to the hinge to tighten it. The same thing is used ir 
photographic camere-stands. 

Fig. 1008 represents the principal elements of machinery for dressing cloth and war 
consisting of 2 rollers, from one to the other of which the yarn or cloth is wound, aa 
interposed cylinder having its periphery either smooth-faced or armed with braba, 
teasels, or other contrivances, according to the nature of the work to be done. The 
elements aro used in machines for sizing warps, gig-mills for dressing woollen goods, sod 
in most machines for finishing woven fabrics. 

Fig. 1004. Feed-motion of Woodworth’s planing machine, a smooth supporting nlc, 
and a toothed top roller. 

Fig. 1005. Contrivance employed in Russia for shutting doors. One pin ia fittel® 
and turns in socket attached to door, and the other is similarly attached to frame. lb 
opening the door, pins are brought together, and weight is raised. Weight cloxs bt 
by deprossing the joint of tho toggle towards a straight line, and so widening the mat 
between the pins. 

Fig. 1006. Folding library Indder. It is shown open, partly open, and closed; & 
rounds are pivoted tu the side-pieces, which are fitted together to form a round pole whet 
closed, the rounds shutting up inside. 

Fig. 1007. Self-adjusting step-lndder for wherfa at which there aro rise and fill d 
tide. The ateps are pivoted at one edge into wooden bars forming string-picoes, al 
their other vdge is supported by rods suspended from bars forming hand-rails. The ds 

Lorizontal whatever position the Indder assumes. 

Fig. 1008. Lifting jack operated by an eccentric, pawl, and ratchet. The upp 



















Jig-saw, the lower end connected with a crank which works it, and 
‘upper end connected with a spring which keeps it strained without a gate. 

Fig. 1010. Contrivance for polishing lenses and bodies of spherical form Te 
polishing material is in a cup connected by a ball-and-socket joint and bent pico d 
inetal, with a rotating upright shaft set concentric to the body to be polished. Thec? 
is ect eccentric, and by that means is caused to have an independent rotary moti 
about its axis on the universal joint, as well as to revolve about the common axis of tit 
abaft and tho body to be polished. This prevents the parts of the surface of the cup 
from coming repeatedly in contact with the same parts of surface of the lens or olbt 
body. 

Fig. 1011. Device for converting oscillating into rotary motion. The semicirctl? 
piece A is attached toa lever which works on a fulcrum a, and it has attached to itt 
ends of 2 bands (and D, which run round 2 pulleys, loose on the shaft of the fly-wheel B 
Band C is open, and band D crossed. The pulleys have attached to them pawls wtid 
engage with two ratchet-wheels fast on the fly-wheel shaft. One pawl acts on its ratchet 
wheel when the piece A turns une way, and the other when the said piece turns the oth 
way, and thus a continuous rotary motion of the shaft is obtained. 

Fig. 1012. Reciprocating into rutary motion. The weighted racks a, a’, are pivotal 
te the end of a piston-rod, unl pins at the end of the said racks work in fixed guide 
greores b, b, in such manner that one rack operates upon the cog-wheel in ascending axl 
the other in descending, and eo continuous tary motion ia wrolued. The ev 
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hi pa ale tachg deseribed, only the wheel at one extremity is concentric 


i fee Seirairacy thoes cocusmritoate the dttlig motion to the armand one extreme 
‘in order to produce an aggregate rotation of the other extrome wheel, or motion 


Iil4. Another simple form of the epicyclic train, in which the arm D carries a 


nion B, which gears both with a spur-wheol A and.an annular wheel C, both concentric 
the axis of the arm, Either of the wheels A,C, may be stationary, and the 

on of the arm and pinion will give motion to the other wheel. 
1115. Another epicyclic train in which neither the first nor last whool is fixed. 
iam shaft to whieh is firmly secured the train-bearing arm f, 2, which carries the 
‘d, ¢, secured together but rotating upon the arm itself. The wheels band ¢ 
eee ee menes retls Spon tho shah m,n; the wheels f andg are also 
d together, but turn together frocly on tho shaft m,n. Tin chee ReoEANG 
‘an oployolic train, of which ¢ is the first and /the lust wheel. A shaft A ia 
yyed as a driver, and has firmly secured to it 2 wheels a and A, the first of which geara 
‘the wheel D, and thus communicates motion to tho first wheel ¢ of the epicyclic 
sad tho wheel h drives the wheel g, which thus gives motion to tho last wheel f. 
communicated this way to tho two onds of the train produces an aggregate 

of the arm J, J, and shaft m,n, 

train may be modiffed ; for instance, snppose the wheels g and f to be disunited, 
fthxed to the shaft m,n, and f only ranning loose upon it. ‘The driving shaft A 
‘ns before, communicate motion to the first wheel ¢ of the epioyclic train by means 
wheols @ and b, and will also by A cause tho wheel g, tho ehaft m,n, and tho 
ring arm &, f, to revolvo, and the aggregate rotation will be given to the loose 


Fig. 1116, Another form of epicyelio train, designed for producing a very slow motion, 
a fixed shaft, upon which is loosly fitted » long sloove, to the lower ond of which 
fis fixed a wheel D, and to the upper end a wheel E. Upon this long sloeve thore ia 
ited a shorter one which carries at its extremities the wheels A and H. A wheel 0 
with both D and A, and a train-boaring armm,m, which revolyea freely apon tho 
‘%, p, carries upon a stud at n the united wheels F and G. If A have 10 teeth, 
D106, E 6), ¥ 49, G 41, und H 51, there will be 25,000 revolutions of the train~ 
arm m, », for oue of the wheel C. 
Fig. 1117. A method of engaging, disengaging, and reversing the upright shaft at 
Tet. Tho bolt is shown on the middle one of the 3 pulleys on the lower shafts a, b, 
: is loose, and consequently no movement is communicated to the sid abafts. 
the belt is traversed on the left-hand pulley, which is fast on the hollow shaft b, 
ing the berel-gear B, motion is communicated in one direction to the upright shatt; 
‘on its being traversed on to the right-hand pulley, motion is transmitted through 
ee hr as EDs an ie iret of toe upright 


1s. 

1119. The wheel to the right is termed a “ crown-wheel"; that gearing with 
‘spur-gear. These wheels are not much used, and are only available for light 
I ye ea mt tecemmay te thin, 

1120, Multiple-gearing—o recent invention. The emaller triangular wheel 
the larger one by the morement of ita attached friction-rollors in tho mdiat 


‘Fig. 1121. These arp sometimes called brosh-wheels. The WwWise syeeia cn WR 
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Fig. 1179 illustrates the hollow or cup-chuck ; it is used for holding short picts, cr 
pieces that are to be turned out hollow. Its inside is turned slightly conical eo that the 
work may be driven tightly into it. This chuck is usually made of boxwood, sometimes 
strengthened by a metal ring round the mouth of it; but this is scarcely necessary, s1% 
very slight blow is sufficient to fix the work if it has previously been reduced to a fam 
nearly approaching the circular by the chisel, paring knife, or other hand toola. 

Fig. 1180 shows the face-plate or facing chuck; it may be made of iron or othe 
suitable material. This chuck is turned flat and perfectly true, and is fitted at its 


nt, 1179, 


cat 6] & 


centre with conical screw to hold objects to be turned on the fuce. It can only be wed 
when the hole made in the work is not objectionable, or can be plugged up. The 
screw should only be very slightly taper, otherwise the work will not hold whe 
revermed. New forms are being often introduced, 

Fig. 1181 is a chuck for flat work, where a hole in the centre would be detrimectaL 
It is a face-plate with 3 or more emall spikes projecting from its surface to penetrate tie 
material to be wrought, which is held against it by the back centre. A plane face-ple 
iv used where tho work cannot be conveniently fixed to either of the 2 foregoing, asm 
the case of thin pieces of horn, tortois-shell, and 80 on. The work is attached by meass 
of glue, or of jewellers’ or turners’ cement. 

Fig. 1182 represents the arbor-chuck, usually made of brass. It is used for holdisg 
small bollow works or rings. 

For very small work, Fig. 1178 is useful for holding the arbors in the place of a strate 

Fig. 1183 shows a spring-chuck which is used for holding very slight work tht 


Lal. 
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requires to be hollowed out. It is turned conical externally, the apex of the cone being 
to the left. A few holes a are drilled through the chuck near its base and at equ! 
slistances from each other. From these holes saw Kerf or slits are cut longitudinally 
the front of the chuck, which allow the chuck to expand slightly to take a firm hold of 
the work, and when the work hes been forced inte the chuck, the grip is rendered still 
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pore firm by drawing a strong ring towards the front of the chuck. ‘These chucks are 
-made of wood, but those of metal are much neater and more convenient ; 
y be made of piece of brass tube firmly driven on a wooden blook. 


xternal ring, it is fitted with’s short solid plug, which ts forced forwards after the 
k line been inserted into the work, When long and slender picces hava to be 
‘an extra poppet or a support is required to keep the work from shaking, or 


fitted to the Iathe-bed and sufficiently long to receive an aperture 6, through 
a wedge may be passed to hold it down firmly upon the lathe-bed. 
and 


ne, having a foot fitted to the lnthe-bed ond furnished with a bolt and nut by which 

Ht is firmly bolted down to the Inthe-bed; dis a block of wood fitted into the frame, 

it ts secured by the eross-barc. An aperture of the required diamoter is now 
block ; 


it ix then taken out of the fame and sawed in half, so as to form a 


bearing ; d shows a section of tho frame; any other form of groove may 

haa been selected on account of the ease with which the blocks 

them, One grost advantage of the latter apparatus is, that the 2 

ni brought together when the hole is worn. When a slide-rest ls maed, 

| additional support should be attached to it; it will then keep close to that part of 

work on which tho tool fs neting, by which a moro sntisfactory pisse of work is turned 

‘and the trouble of shifting the poppet avoided. The application of o little grease 
Wo these bearings will sometimes bo found beneficiaL* 

‘An apparatus called a boring collar, somewhat similar to that just described, is used 


may be rather too large for the Inthe; in this come it ie convenient \s have 
i truly planed and fitted. Such » frame is shown at Fig. 81. Wig uais dose 


* See Molhainh's 1892 Catalogue, 
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iron, the top being fitted to the bottom of the poppet, and the bottom being fitted to the 
lathe-bed, care being taken that the mandrel is retained parailel to the lathe-bed. The 
rest may be blocked up in a similar manner, or a temporary rest may be made of a pies 
of bar iron bent to a suitable form. 

In some cases it will be convenient to have a self-acting slide-rest, as for turning 
large screws, spirals, and 20 on. The slide-rest is shown in Fig. 1188 (elevation) and 


187, 





Fig. 1189 (plan). isa slide which fits the lathe-bed very accurately, but will yet dide 
freely upon it, and in a direction exactly parallel to the axis of the object to be tuned. 
} is another slide fitted to the lower one and sliding upon it’in a direction at right angles 
to the lathe-bed. It is worked by a screw attached to the lower slide, which gear ints 
a nut fixed to the bottom of the slide b. Upon the slide d is fitted a small slide c, upa 
which the turning tool is fixed by means of aclamp. This slide is moved in a directin 
parallel to the lathe-bed by means of a screw attached to the slide b, gearing in a simikt 
manner to that in the slidea. The whole slide may be moved along the bed either by 
hand or by means of a screw running along the side of the bed and gearing into « nut 
made in 2 halves, so that it may be thrown into or out of gear by closing or opening the 
nut. The use of this screw, which is called the leading screw, requires a different fom 

of fixed poppet-head, and constitutes what is called a screw-cutting lathe, on account 
ita suitability to that process. 

The poppet-head generally fitted to self-acting lathes is represented in Figa. 119 & 
1192, a is a side elevation, b a plan, and ca front elevation, This head is fitted with sped 


1191, 


fh 





palleys /, which may be made fast to the mandrel, so as to drive it direct or loosened, 
aad geared by a tooth-wheel with the sbaft g, which again gears into the mandrel, which 
in wapported in bearings at each end. The wheels on the shaft g are thrown out of gear 
with those on the mandrel by sliding the shaft endwise in its bearings. It is retained 
mer ont of gear by a pin passing into the bearing, which rests against # groove tured 
en the abaftg. On the end ¢ of the mandtel a toothed wheel is slid and retained there 
Qgaue. This wheel may act Sireekly upon another Placed. on tha eulef the leading 
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Or may be connected with It by means of ono ar two intermediate wheels, according 
‘speed required and the direction of the intended screw. 
Tt isevident from this arrangement that any ratio between the spocds of the mandrel 
| leading screw may be obtained either for cylindrical turning or screw outting. 
Fig. 1199 is a very complete double-gear font-lathe, with planed bed, standards, anti+ 


Fig. 1194 is a single-gear foot-lathe, with planed bed, standards, anti-friction treadle, 
th chain, orank, end driving wheel, hand-rest, face-plate, drill-chuck, and 2 centres. 
Big. 1195 is « compound slide-rest; another arrangement of compound alide-rest is 
hown in Fig. 1196, 
With reference to lathe manipulation, which is perhaps the most diffloult of all 
p operations to learn, the foll hints are given by Richards in his excellent 
. on ‘ Workshop Manipulation,’ 
‘At the beginning, the form of tools should be carefully studied: this is one of the 
points in lathe work; the greatest distinction betworn w thorough and an in- 
erent latheman is that one knows the proper form and temper of tools and the other 
not. The adjustment and presenting of tools is soon learned by experience, but 
proper form of toola is a matter of grenter difficulty. Ono of the first things to 
ady ia tho shape of cutting edges, both ax to clearunce below the edge of the tool, and 
‘angle of the edge, with reference to both turning and boring, because the latter is 
; at from turning. The angle of lathe tools is clearly suggested by diagrams, and 
re ix no better first lesson in drawing than to construct diagrams of cutting angles 
‘and cylindrical surfaces, 
A set of lathe tools should consist of all that are required for every variety of work 
r d, so that no time will be lost by waiting to prepare tools after they are wanted, 
i ‘engine lathe, operating on common work not exceeding 20 in, of diameter, 
‘Pequire 25-25 tools, which will serve for every purpose if they are keytin orter wat 
A Workman may get along with 10 tools or even \eas, bok not Xo bis GHD 
» Volumes 1V, and ¥. of Holtonpifol's standard work on *Tarving snd Wechariess 
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satisfaction, nor in a speedy way. Each tool should be properly tempered and grow), 
ready fur use when put away; if a tool ia broken, it ehould at once be repaired, 
matter when it is likely to be again used. A workman who has pride in his tools will 
always be supplied with as many as ber 

ree: quires, because it takes no computation to prow 

that 50 1b. of extra cast steel tools, as a: it 
vestment, is but a small matter compared to the 
gain in manipulation by having them at hand. 
To an experienced mechanic, a single gas 

at the tools on a Jathe is a sufficient clue to the 
skill of the operator. If the tools are grow 
ready to use, of the proper shape, and plas 
in order so as to be reached without delay, th 
latheman may at once be set down es havig 












2 cf the main qualifications of a first-class workman, which are order, and a knowleig 
of tools; whilo on the contrary, a lathe-board piled full of old waste, clamp-bolta, snd 
Lroken tools, shows a want of that system and order, without which no amount d 
hand skill can make an efficient workman.* 
Tt is also necessary to learn ee woon as possible the technicalities pertaining to bth 
work, and still more important to \carn the conventional motea « qerforming variee! 
© Mesers, Churebill & Co, Limite’, ave a large amsortmenh ot hmetiomn Later wa toe, 
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command of that tool, and he who has acquired this mastery is, to a very great ete, 
independent of the rest. 

For Metale.—The turning of metal is effected by a slow motion, companstily 
speaking, with respect to the turning of wood; yet wood-turning tools require s lw 
obtuse angle to form the cutting edge than the tools employed to turn iron, bras 
steel. The planes forming the cutting edge of metal-turning tools male a solid se 
which generally exoeeds 60°. Figs. 1197 to 1213 are a set of turning tools for neti, 
Figa. 1212, 1213 being expecially for serew cutting. Melhuish’s 1892 catulogns ule 
trates a variety. 





197, 1198, 1199. 1200, 1201, 1202, 1203, 2204, 1205.18 
207. 1208, 1209, AML, 1ZIN. 1212, ama. 
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A writer in the English Mechanic says that metal-turning tools are made from “tal 
steel,” different kinds of which are in the market, and may be purehased in square ta» 
of various sizes, Few tools, except scrapers, can be used indiscriminately for cast int, 
wrought iron, and brass; each metal needs its particular set of tools, differing, wit® 
much in the shape of their cutting edges, as in the angles which they make with th 
surface of the work to be turned, Thus, Figs. 1214, 1215, 1216, are each intended © 
represent in profile the ordinary roughinglown tool; but their angles are very differs! 
the one from the other, Fig. 1214 being only suitable for wrought iron, Fig. 1215 for ct 
iron, aud Fig. 1216 for brass, Inall these, everything (temper of course excepted) depends 
upon the angle at which the tools are ground. The brass tool with the flat face wool! 
not cut the iron, but would simply abrade it; while the iron tools would hiteh in the bras, 
and manifest a tendency to chatter or to“ drawin.” Neither would the tool ground at a 
acute angle for wrought iron cut rast metal, but would itself become broken off at the 
tip, while the thicker cast-iron tool would not take clean shavings off wrought ina 
but would possess more of a scraping action, Men accustomed to metal turning koo# 
exactly how to grind their ols, eo thet they dal GNher eo. a ene eeonght i, 
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‘or Linas; but to assist othera in the mattor, the cutting edges of various toola 
tow 

Sees inca fad. Wig? 1AYT sla 0 codon pemeihag Wt a eee oe 

view gives the proper angle to ensure a clean cut, without broaking the top 

oe bin the direotion of the dotted line, The angle is drawn on the supposition that 


tool is held horizontally, as indeed it ought to be, But a tool that will not cut 
be 2 in a horizontal direction will often work by inclining it st a slight angle; heneo, 


d+ the angle at which a tool should be ground, in order to cut well horizontally, 
ily quite constant. It should be about 65° with the vertical for coat iron, but 
‘vary alighily either way. Io fact, not one workman in ten could say what angle he 
ds his tools he simply jndges the proper angle by tho oye whieh 
‘Tho angle which the front of the tool makes with the work may 


m betrays 
Imintawtak more then’ the upper face, dopending op the diameter of the wu Ws be 
med, but should not slope more than 4° or 5° from the vertical for cast iron (Fig. 1215). 
If it becomes excessive, the tool is weal, and soon abrades or breaks off. Attention to 
these matters, apparently so trivinl, ix really of the utmost importance. The angles 
on skotehes ure taken from tools in actual use, doing their work well. 


Fig. 1218 shows a ronnd nose; Fig, 1219 a parting tool; Fig. 1220 a knifo tool for 
edges und faces of flauges, und ends and aides of work, which latter will of 

be roquired right- and left-handed (Fig. 1221), just as we require right- and loft 

d side tools in wood turning. ‘The end views of these tools show the upper and 
angles, which are about the samo as in Fig. 1215, but may vary somewhat 


oa 10. 
— pe 


ms. 1222 are boring tools for hollow cylinders—tools capable of much modification, 

ti taking the forms of all the other tools, but each form also 

= often required right- aud left-handed. In reference to the more usual shapo— 

‘the round nose for boring, when used simply as a roughing tool, the shape B 

ng uxis of the cutting angio in the direction of tha datted. ium 
in the former the true culling wigs is carted tornarth. 
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Hence, in workshops, the cutting tools generally take the form B, and the emp 
that of A. But these boring tools are not for hand use, the rigidity of the silemt 
being necessary to ensure sccurate work with them. Otherwise the tools mit 
description are suitable alike for manipulation by hand or slide-rest, the diffaea 


1222. 


Sop Se 


Fndliew 


between the 2 forms lying, not in the cutting edges, but in the relative stoutness. Side 
rest toola are made of stouter metal than the others; in the case of a «mall bie, 
from 4 in. or } in, equare steel, while hand toola for the same can be made fm 
Z-in. steel. 

Fig. 1223 is a square nose for taking finishing cute, and Fig. 1224 » tool for scraping. 
Fig. 1225 iss spring tool, also used for finishing « turned surface. Figs. 1226 and 27 
are for finishing hollows and rounded parts of work, and are either kept in diffemt 


122d. 


= “A 


sweeps or grount to radii as wanted. These latter forms, being required only to saat 
and polish, are flat on their upper surfaces, and act simply as scrapers. Graving tr 
are merely square pieccs of steel ground slightly obliquely at the cutting end, and ued 
in hand turning and for any metal. 

Almost any tool flat on its upper surfuce will turn brasa, and the clearance angle =f 
vary from 20° to 30°. Fig. 1228 will cut rapidly, and will keep its edge for an imme 
time, and, of course, can be used bent round like Fig. 1222 for boring purposes. Yet 
same tool used on iron would not cut, but would become hot immediately. Figs 1&8 
and 1227 make excellent brass tools, 





1226. 1227. 1228, 
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In turning cast iron and brass no water is used, but with wrought iron it becom! 
necessary to cool the cutter by allowing @ constant supply of water to drip upon ti 
tool. A water-can, with a tap regulated as required, ia supported on the slide-rest, a1! 
travels along with it. In hand turning it must be moved where wanted. 

The tools here mentioned have been typical forms; but, bearing the broad distinctios 
between the various ungles in mind, it ia easy to muke or to alter tools just as wantel 
In making tools for the slide-reat, a picce of steel is cut off longer than is necessary ke 
immediate use, and the amount of mctal in it allows for the wear of a lifetime, fea 
also, both ends of the stecl are forged into cutting edges (Fig. 1229), and hence the 
workman can usually find a tool at any time, either suitable for the work in hand @ 
which may be rendered suitable by e Little altertion, 
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receive the ect screw, which is shown in sectional plan in Fig. 1293 @, uprgh; 
b, scribe cut through the alot ; o, sliding screw ; d, tightening nut, which can be mai 
as shown or s wing nut. 

The following notes treat of some of the processes of cutting motels adopled ly 
‘W. F. Smith, Salford, and described by him in a paper read before the Institutind 
Mechanical Engineers, In a former 
paper, the suthor described mainly 
what have since become known as 
right- and left-hand round tool- 
holders, They are used in different 
machine tools principally for “ rough- 
ing out,” or, in other words, for 
rapidly reducing castings, forgings, 
&c., from their rough state nearly to 
their finished forms and dimensions. 
The tool-holders are so called from 
thoir cutters being made of round 
steel cut from the bor. Notwith- 
standing that they are very widely 
applicable, take heavy cuts, and do 
the bulk of all machine work in lathes, and in planing, shaping, and aloting 
machines, it was soon found that they could not compass the whole of the wt 
required in the shops ; and it was, therefore, necessary still to allow the use of som o 
the common forged tools in conjunction with the round tool-holders. This, hovers, 
was objectionablo, as no positive rule could then be laid down to define what numbed 
forged tools should be allowed to each workman; and it became apparent that the tat 
holder eystom, in order to reach the highest degree of efficiency, must be made comple 
and independent in itself. This led to the designing of another tool-holder of the mt 
general kind the writer could possibly devise, in the hope thereby to complete 
system. 

With this object in view, all the remaining forged tools then in use were colledal 
together, and the swivel tool-holder (Figs. 1234, 1285) was schemed, with cutter » 
adjustable that they could not 
only be swivelled round and 
then fixed to any desired angle, 
but could be made to project 
at pleasure to any required 
distance in order to reach and 
cut into all sorts of difficult and 
awkward corners; in fact, to 
moachine any work which the 
round tool-bolder could not 
finish. Two of the principal 
objects aimed at wore to devise 
a system of cutters which should 
not require any forging or smith- 
ing. and yet should be capable of being adapted by the simplest possible means, and by 
grinding the ends only, to all forms which the round cutters would not admit. The 
special section of steel decided upon was a sort of deep V section, the lower part of which 
ia slightly rounded, as shown in Fig. 1235. ‘The anglesof the sides give the same amoat 
of clearance (1 in 8) as that given in the round tool-holders, and this mame angle f 
clearance ia given to the ground parts, ‘The section of the swivel cutter is very deep, it 
order to obtain ample strength in the direction of the pressure it has to support whe 
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‘The angle in Fig. 1294 is common to every awivol tool-holdor. In the cutter 
© the round tool-holder two angles hed been fixed upon as standards, one to cut all 
oda of wrought metals, the other all cast metals, To avoid complication, however, in 
r ipiritl tock-boldies ons cntting angle was xed upoo! forall metals, and applied fo 

tera. The angle scleoted ix one slightly differing from that of the round cutters, 
‘is that which worked the best in practice. ‘The cutters of the round tool-holder 
are fonnd most advantageous in producing and finishing standard-size round 
in journals of shafts, &c. and in otber cases, where the enginecr of the present 
fs anxious to preserve all the strength he can in the parts he fs constructing; but 
are still cases where square, angular, or undercut surfaces must be produced, aa 
rated by Figa. 1236 to 1241. These are front viows showing the tool-holders at work 
or shaping. ‘They aro supposed to be travelling forward, or the work to be 
moving in the opposite direction; and the arrows in ench figure indicate tho direction in 
Bich the tool-holder is being fed at each stroke of the machine, to take the next cut. 
‘Pig. 1237 shows the mode of planing the under horizontal surface of a lathe-bed. 
‘cutter shown in use ix ground to an angle of 86°, or 4° los than a right anglo, and 
has a clearance of 2° at eaoh side when cutting either horizontally or vertically 


eutter is very general in its applivability, and is devised so ns to finish with ono 

Hing, both the vertical surface A, und tho horizontal aurfuce H, without the necessity 

disturbing the cutter in any way. The ordinary system is to use, at east, 2 tools 

roughing out, and 2 for Snishing, on 2 surfaces right angles with cach other, 

‘Fig. 1236 shows the method of planing in » very limited space the under horizontal 
8; the corresponding surface is pled afterwards, without disturbing the tool- 
by simply awivelling the cutter half-way round in the holder and securing it 

by the nut N. 


the borizontal surface but the vertical surface also, with one setting and 
belog disturbed in the tool-box. 
“Fig. 1238 shows the mothod of cutting a vertical slot in « horizonte\ wtans of we. 
utter in this case is called a parting tool. 
26 





. 
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Fig, 1242 is a aide elevation of this samo cutter, showing the cutting angle 

‘Figs. 1289 and 1241 are tool-holders with cutters of rather special forms. The fame 
1s shown planing out or underentting T-shaped alot, and the latter is planing ots 
emall rectangular clearance corner. 

Figs. 1248 and 1244 show a swivel tool-holder with a round shank, such as js ued a 
the slide-rest of 8 screw-cutting lathe, for cutting equare threads. It is carried as 
wrought-iron or steel block, provided with a groove, semicircular in section, in whid 


1243, ™ 











the round shank of the tool-holdcrs lies, and it 
clamped down in the usual way. The cuttes 
cutting out the spaces between the equare threl 
are of a very simple form, and by aid of this tat 
holder any tool of the correct width of the space wil 
cut either right-hand or left-hand screws, no mi 
whether they are single threads, double thread, « 
any other. To cover the same ground with ‘eqs! 
tools, no less than 6 expensive cutters would be required, each forged from sun 
steel, and carefully filed up and hardened. With the tool-holder only one cute @ 
required, and it costs, probably, not more than 10 per cent. of one of the 6 forged tab 
while it maintains its size much better, and, consequently, lasts much longer. It We 
takex ahout twice the weight of cuttings per hour as compared with an ordinary fod 
tool, ‘This system ig useful where many screws of odd forms and pitches are requil: 
but where there are sufficient numbers to be cut, special chasing lathes are far pe 
ferablo to ordinary serew-cutting lathes, as they will do about 6 times as much chasig 
of V threads, or cutting of square throads, as can be accomplished in the ordinary uit 
in the same time. Instead of carrying one chaser, the chasing lathes carry, ins 
chasing apparatus, 3 or 4 chasers: aud these have their threads, whether square} 
rounded, or any other form, cut in their plies by aid of a master tap. They aretla 
tapered at the mouths, backed off, and hardened ready for work. The numbed 
ehavings cut simultaneously from a screw by this process varies from 12 to 24, acconditt 
to the size, strength, and pitch of the thread. Screws up to 6 in. diameter can be tt 
rapidly cut by this system, on which very much more might be said if space permite. 
A few screws cnt by this process are exhibited. 

When the 2 systems—thoe round and the swivel tool-holder—are worked in ot 
junction with cach other, their universality of application is so thorongh that lox 
every difficulty is met; and it was only in tho case of paring and shaping artids 
in the slotting machine that 2 modifications had to be male in the holders, the as 
cutters being still applicable, 

The capstan bed chasing lathes male by the writer's firm have now become mat 
used; and as a largo amount of their work is done upon black bars of iron, sted & 
other metals, each of which has to bu finished at its extremities and cat or parted 
it was found advieeble to make one special tool-holder, Fig. 1257, to carry tools of tit 
correct sections to produce the desired thapes for Hho enila, She tedious and unrelishlt 
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smith has twisted, and then flattened at one end to form a drill. The object of t 
twisted stem was to screw the cuttings out of the hole, and to some extent this moceede 
but not perfectly. The twisted square section revolving in the round hole bad 
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tendency to crush or grind up the cuttings; and if they were once reduced to powder 
was difficult (especially in drilling vertically) for tho drill to lift the powdered met 
out of the hole, In most cases the lips uf the Uuilla were f wach form that the cuutit 
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command of that tool, and he who has acquired this mastery is, to a very great extes!, 
independent of the rest. 

For Metals.—The turning of metal is effected by a slow motion, compantirely 
speaking, with respect to the turning of wood; yet wood-turning tools require a les 
obtuse angle to form the cutting edge than the toola employed to turn iron, bram, or 
steel. The planes forming the cutting edge of metal-turning tools make a solid angl 
which generally exceeds 60°. Figs. 1197 to 1218 are a set of turning tools for metal, 
Figa. 1212, 1213 being especially for ecrew cutting. Melhuish’s 1892 catalogue ila 
trates a variety. 
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A writer in the English Mechanio saya that metal-turning tools are made from “tl 
steel,” different kinds of which are in the market, and may be purchased in square bat 
of various sizes. Few tools, except scrapers, can be used indiscriminately for cast ir, 
wrought iron, and brass; each metal needs its particular set of tools, differing, nots! 
much in the shape of their cutting edges, as in the angles which they make with th’ 
surface of the work to be turned. Thus, Figs. 1214, 1215, 1216, are each intended 
represent in profile the ordinary roughing-down tool ; but their angles are very differet! 
the one from the other, Fig. 1214 being only suitable for wrought iron, Fig. 1215 for ou! 
iron, and Fig. 1216 for brass. Inall these, everything (temper of course excepted) depen! 
upon the angle at which the tools are ground. The brass tool with the flat face woul 
not cut the iron, but would simply abrade it; while the iron tools would hitch in the bras, 
and manifest a tendency to chatter or to “draw in.” Neither would the tool ground at #2 
scute angle for wrought iron cut cast metal, but would itself become broken off st the 
tip, while the thicker cast-iron tool would not take clean shavings off wrought irc, 
but would possess more of @ scraping action. Men accustomed to metal turning know 

exactly how to grind their tools, wo thet they dhol ater cat ot entage wrought int 
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made up of straight lines and curves. With this spiral arrangement of the teeth, al 
with reliable means of regrinding or reeharpening them, very high-class machine wat 
can be produced. Some experiments have been made by cutting a spiral grove a 
thread into the outer surface of one of this clese of mill, and thus reducing the 

length of its cutting surface. The resulta appear to be practically 2s follows: If ball 
the length of cutting edges are dispensed with, only about $ the maximum feed pe 


1259, 





revolution of the cntter can be applied by the machine; if 3 of the length of the cuttcy 
lips are left intact, # only of the aggregate feed can be used, and so on in the sm 
proportions, 





Other mille, again, are made in the form of emall circular sawa, varying from } it 
to 1} in, or more in thickness. The teeth in some of these are simply cut around te 
circumference ; others have these teeth extending some distance down each side, the? 
edges radiating from the centre of the mill,as in Fig. 1260. Towards the centre they srt 
reduced in thickness so as to clear themselves. These cutters are useful for a very grat 
variety of work; for instance, the cutting of key-ways, parting off or cutting throat 
pieces of metal, and making parallel slots of various widths, for the broader of whid 
2 or more cutters may be used side by side. 

Conical and annular milling cutters, Fig. 1261, are much employed for a great varie? 
of work, such as the cutting of resmers, the making of milling cutters themselres © 
beveling, cutting the serrated part of hand- end Yhombeacewe unta,&e. In Fig. 1261 
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, 0, D are edge views of somo of these cutters; K represents a fhoo view, and Ea 
of one of them. 

complex forms, such aa the spaces between the teeth of spur, mitre, and other 

be machined by using what are known os the patent cutters, which can bo 

d as often as required by simply grinding the fuco of ench tooth. Thoy aro 

that however often they are reground they never lose their original 

ved forms, and always produce the same depths of cut. One of these cutters, for 

tance, will cut the same standard shapes of teeth ins spur-wheel, after it has boon 
edi for yoare, ax it did the first day it was started, 

here is risk of fracturo in making largo milling cuttera ont of one solid cast-steal 

the principal difflculty being in the tempering. Tn practice it is found that if 

re required of larger diameter than about 8 in. they aro better made of wrought 

mild steel disos, with hardened oast-stee! teeth, so scourely fitted into them that 

do not require to be removed. ‘The cutting edges can then be resharpeved in their 

pisces, as in the cass of the ordinary milling cutter; thus ensuring that each shall 

the aame angle of cutting and clearance, run perfectly concentric, and therefore do 

imum amount of cutting in a given time, Tt must, however, be borne in mind 

‘tho smaller the diameter of the willing cutter the better finish it willproduce; and 

of Large dinmotors should only be used to reach into depths where ono of smaller 

could not, Again, the amaller the cutter, the lea does it cost to male and 


7. 


pI 


‘The writer hus not had on opportunity of actually testing the relative amounts of 
sine power required for driving milling machines; but as far as he oan judge fiom 
is practice in doing ordinsry work, ho hay not perceived that any morp power is 
jired to remove o given weight of sharings than that required for a lathe, planing 
pe, or shaping machine, with efficient cutting tools in all cxses. 
speed which can be employed in milling is much greater than that which 
be used in any of the ordinary operations of turning in the lathe, or of planing, 
jing, oF slotting. A milling cutter, with « plentiful supply of oll, or eoap and water, 
be run at from 80 ft, to 100 ft. per minute when outting wrought iron. 
‘The same metal can only bo turned in « lathe, with a tool-holder having a good 
at the rato of 30 ft. per minnte, or at about 4 the speed in milling. Aguin, w 
g cutter will cut cast ste! at the rate of 25 ft, to 30 ft, per minute. 
‘Whe increased cutting speed is duo to the fact that a milling cutter, having some 
iting paints, hes rarely more than 3 of these cutting at the same time. Each 
point therefore is only in contact with the metal during , of each revolution. 
‘Thus, if we suppose it is cutting for one second, it is out of contact, and therefore cooling, 
+ the succeeding 10 seconds, boforo it line made a complote revolution and commences 
‘On the other hand, » turning tool, while outting, is constantly in contact 
‘the metal; and thero is no for it to cool down and lowe the heat tuyere \o 
by the cutting. Hence, if the cutting speed exceeds 30 {k. per minute, ao muda Weak 
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the ferrule tight, opening the jaws of tho vico wide enough for the cdgcs of the 
“ule to rest upon while doing #0, Then replace in lathe and turn to shape, which 
be cither that of Fig. 1283 or that of Fig. 1266, the latter being preferable, as afford~ 
(ge larger grip forthe hand, Boro the hole for the tool either with a gimlet or bmoa 
Dit, as straight ns may be, sighting down gimlot and handle from time to time while 
ri ‘Open the hole ont at the top with a taper ahell bit, until the tool will drop in 


1973. 


within 3. or 1 in, of its proper position, when the handle must be driven on over 
ak with a hamier or mallet, holding the tool in a vice or against a block of hard 
while doing so. A couple of coats of shellac varnish given to the handles will 

prove their appearance and keep them elean. 
‘Turning tools lose their edges very rapidly, and » quick fretting stone should bo 
fed for restoring them. A Charnley Forest stone is hardly coarse enough for turning 





It may be used for the chisels, which require a floer edge; but for gouges a 
ore Washita stone is quicker in its action, or, even a piece of common slate will 
the purpose. Another reason why a special stone should be kept for tha gouges 
that they rapidly groove it out, and so render it uscless for chisels and other tools 
fing straight cutting edyes. A olip of Charaley Forest will do for fretting the hollow 
" ofthe gouge. Even that is not necessary when the tool is roughing down, since 
@ revolving wood iteclf will knock off immediately the “ burr” or “ wire edge,” which 
been produced by sharpening the bevelled fice, 
‘Those requiring a more comprehensive treative on turning cannot do better than 
to Campin, 
WRY.—The term mnsoury ix here used in a wide sense, embracing the work 
stonemason ond bricklayer sa well aa concrete building. 
Btonowork,—In wlecting stono for constructive purposes, it is necessary to exes 
‘qualities with regard to the following characteristica. 
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amith has twisted, and then flattened at one end to form a drill. The object of th 
twisted stem was to screw the cuttings out of the hole, and to some extent this moceedel 
bnt not perfectly. The twisted equare section revolving in the round hole had! 


1045. ime. 1252, 





1248, 1249, 2%0, 1381. 
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tondency to crush or grind up the cuttings; and if they were once redunoed to pode 
was difficult (especially in drilling vertically) for the drill to lift the powdered me! 
out of the hole, In most cases the lips of Uhe Aris were of euch form that the cull 
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tring the efection of large buildings, the surface of the masonry built in the earlier 

‘of the work is smeared over with a sort of thin mortar, 90 as to presorvo it from 
¢ influence, and to make it easier to clean down, 

Tools,—The tools employed by the etonemason are neither numerous nor 


ere pmelayet iy tonemason has the peculiarity of having no teeth, which 

It is mado of a long thin plate of steel, having the lower 

+ lightly Jeexed, soil ta fixed in o frame, ‘The saw outs the stone by its own weight, 
ing moved backwards and forwards horizontally. Some stone is of such a charicter as 
cleave with sufficient degree of certainty into pieces of the desired size and shape, 

to make that process of cutting it advisable. The saw is then utilized. Two men 


d. The opuration is facilitated by allowing water to wosh the sand in the auw 
Tt is done by placing s heap of sharp sand on en inclined. plans over the stone, and 
itting water to trickle through it. In this age of invention and machinery, for 

‘marble, and almost all other materials usod by the mason, stenm-power is employed, 

h ‘of course, ix fast superscding manual labour, more especially is this the case in 

e making of chimney-pieces. There are, however, some stones which ean be sawn 

yith fncility with » toothed saw worked in « similar manner to the stonemnsons' saw. 
has invented an endless band saw, which consists of a steel wire ropo poasing 

‘2 pulleys. It not only receives a rapid rotary motion, but also one of twisting: 

jon itself in such o way that the strands of stecl wire cut their way into the stone, and 

their pesenge. The work dono is said to be 25-30 times that which ean be done 


‘The maliet is somewhat similar to a dome in contour, excepting the portion at the 
extremity to that at which the band ix This portion is rather, cylindrical, (See 
7285.) The handle is of sufficient length to enable 
‘artim to firmly grasp it, and no more The mallet tosh 


i, of course, used for atriking the chisels and knocking 


into position. The stonemason uses a wooden 
hecsuss it delivers just the kind of dull blow that 
aquired. His mallet head is made circular, because his 
are steel, and have no wooden handles,and he ia able 
the whole circumference, and thus prevent the tools 
m wearing holes in the wooden mallet face. ‘The handle 
mallet is short, becaus» it will strike a sufficiently 
x fal blow without boing used at a great leverage. 
| The chivels used by masons are of various sizes, made to meet the divers requiro- 
Prof, Rankine states that the principal tools employed in the dressing of stone 
re the serabbling hammer, whose head is pointed at onc end like a pick and axe-formed 
‘the other, and various chisels, of which one is pointed at the end and the others flat, 
id of breadths ranging from 1 to 3 in. or thereabouts. ‘The chisel firet referred to is the 
pint"; that instrument noed not necessarily be pointed at the end, but may huye a 
l of} in. or thereabouts. This is the smallest description of chisel. Other forms 
wre the “inch tool,” the “ boaster,” and the “broad tool." The firet is 1 in. broad, the 
ond, 2 in, and the last, 3§ in. ‘The operation of working with the point is called 
inting,” and with the bonster, “ boasting.” Points are usually employed in taking 
‘out of winding, and’ they aro followed by the inch tool, ‘The point, when used, 
vos the stone in narrow furrows, having rough ridges between them, The inch tool is 
tht to bear upon the stone, and these ridges are cut away, and by the we of the 
the whole is brought to a comparatively smooth surface. In those parts of ihe 
‘whore the etono saved by the operation of anwing ia not enough to 
labour, the operation is altogether performed with mallet ew caw. 
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The other implements incidental to the stonemason’s craft are similet to fll 
employed by bricklayers, and will be found described under that section. 

‘Laying stonework.—In constructing walls of stone, several methods are availablefe 
selection, according to the size and character of the stone to be dealt with. These vil 
be described in progressive order, commencing with the plan adapted to the lowat 
class of material. 





Rough rubble.—In this system, Fig. 1286, unsquared and undressed pieces of sot 
of all sizes are used indiscriminately, fitted into each other's broken surfaces as closly 





8 possible, with large stones at intervals the full width of the wall, and all held firalt 
together by a plentiful use of first-class mortar, 80 28 to make a compact mass when mt 
Very much stronger work can be done by substituting Portland cement for the mortsy 
thus forming a kind of coarse concrete. 
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-tabblo—Tho same class of stono is used, bul instead of mixing up the 
indiscriminately, pieces of like size are confined to one course, and those of 
size to the next above, and #0 on, Conimoncitg with tho largest and intabing 


ne cromwise eo a8 to form a “binder” or “ through,"”” 
d rabblea.—When the wall ia sufMiciontly thick to admit of it, an economic 
tia! plau je to combine a tacing of large coursed rubble with a barking of 
rubble, a# in Fig. 1287; a is the rough rabble; b, “stretchers,” or stones Inid 
jarnilel with tho wall; c, “headers,” or stones lid at right angles to the line of the 
all, aud contributing to the solidity of the structure. 


e 


Ashlar work. —Ashlar forms tho main feutare in true masonry. The stones aro 
yx set in true courses, and the depth may be from 12 in, to any available thickness, 
‘Deda and joints should always be chisel dressed; thnt is, denfted and boasted off. 
stones for the facing of the wall are generally 2 ft. 4 in. to 2 ft. 6 in. long, 12-18 in, 

sop, and 44-10 in, thick, headers being thickest, It is a common practice to cut the 
es in « somewhat tapering form, so that they cloacly abut only for a short distance 
in.) back from the fice, the 
ea thus left being filled in with 
rand chips. ‘The joints are 
® left else, or dressed back 
‘a square oF triangular recees. 
n G-hlar masonry set stone and 


ith rabble or bricks, is always 
and will not preserve a trae 
‘om the face either vertically 
horizontally, owing to unequal 


Joining stone. —When unuswil atrenzth ts required, the stones are not only united by 
3 im mortar or cement, but aro further held by joggles, dowels, cramps, and bolts, 
forme of jozgle are shown in Figs, 1288, 1289, 1200, where a tenon a on one stone 
ted into a mortice 6 on the next. Fig. 1291 illustrates’ the operation of dowelling. in 
the 2 stones ab are joined by the dowel ¢ Jet int» preoves out in thé face of the 
Janing by cramps ia shown in Fig 1292, ab being the 2 stones as before, und othe 
dropped into holes cut for ite reception. The operntion of securing veikiogs 
‘stone by Mnding is represented in Fiz, 1298. When the uyyer murtsee of Sacthens. 





ey 
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sarries the railings, the bar a stands in a dovetailed hole in the stone 5, and ix 
surrounded at foot by molten lead ¢ poured in up to the top. But when the rail is tobe 
fixed to the side of a stone, the bar d is bent 20 as to go to the end of the hole, anda 
order to fix it with the lead ¢,a bay of clay fis made to support the lead while it remains 
in a molten state, the clay being knocked away and the lead dressed flush when it is cold 

Walls.—In building stone walls, the same care is needed with regard to breaking 
joint as in brick walls. Footings should be done with the largest stones available, ad 
the size may decrease with the rising courses; but all stones in one course should bed 
the same thickness, The arrangement of the stones in the courses will depend ny 
their shapes and sizes. Fig. 1294 illustrates an arrangement where the long stones « a2 





equal to the full width of the wall, alternating with the short ones b, In Fig. 1295 tht 
long stones a require the addition of the short ones to make the full width. In Fig. 12% 
the long stones a are alternately used as headers and stretchers, the small ones b fillag 
up the intervals, In Fig. 1297 there are no small stones, the spaces between the lit 
ones a being filled with broken pieces or grouted rubble b. In “ setting off” stone wilh 
there should not be a difference of more than 3 or 4 in, between succeeding one 


1298, 1298. 


te 


Enclosing walls of stone, if of no great height, are often built dry, ie. without af 
mortar, There is frequently in stone walls s slope or “batter” on both sides amounting 
to ‘part of breadth of base to 6 of height, either carried gradually up or with offsets 
Bubble walls have generally both wiea vertical, the exerags thickness being 7 of th 
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should always be placed for the use of the builder on » emall platform or “ bankor,” orin 
a tub, to keep it from the dirt. 
Tvols.—The tools required by the bricklayer are not of » complicated nature, nor is 
it @ matter of difficulty to become proficient in their use. They are illustrated below. 
Fig. 1302 is a masons’ trowel ; Fig. 1303, a pointers’ cutting trowel ; Figs. 1304, 1305, 


plasterers’ trowels; Figs. 1306, 1307, plasterers’ moulding tools ; Figs. 1308, 1309, forms 
of bricklayer’ hammers. The level employed by bricklayers is composed of a plumb 
level (Fig. 251, p. 186), fastened at right angles to a straight-edge, with etruts at the 
aides to preserve the relativo positions. 


1306. ee 








Laying Bricks.—The average size of bricks in this country is a fraction under 9 in. 
song and 24 in. thick; and, in consequence of this uniformity of size, a wall of th 
material is described as of s0 many bricks in thickness, or of the number of inches whi 
result from multiplying 9 in. by any number of bricks—a 9-in., or 1-brick wall; a 14-in. 
wall, or 1} brick (13} in. would be more correct, in fact ; for, although a joint of mortar 
maust occur in this thickness, yet the fraction under the given size of the brick is enough 
to form it) ; 18 in., or 2 bricks, and #0 on, The great art in bricklaying is to preeerve 
and maintain a bond, to have every course perfectly horizontal, both longitudinally wok 

transversely, and perfectly plumb, which last, however, Hey Dot meen LPH, Losogp 
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that is the general acceptation of the term, for the plumb rule may be made to suit sxy 
required inclination, as inward, against a bank, for instance, or in a tapering tower, al 
also to make the vertical joints occur perpendicularly over each other ; this is vulgw} 
and technically called keeping the perpends. 

By bond in brickwork is intended that arrangement which shall make the brictsd 
every course cover the joints of those in the course below it, and so tend to make the 


1308. 





whole mass or combination of bricks act as much together or dependently upon a 
another as possible. A brick, being exactly half its length in breadth, it is imposible, 
commencing from a vertical end or quoin, to make a bond with whole bricks, asthe 
joints must of necessity fall one over the other. This difficulty is obviated by cuttings 
brick longitudinally into 2 equal parts, which are called half headers. One of these it 
Placed next to a whole header, inward from the angle, and forms with it a j legt 
betweon the stretchers above and below, thus making a regular overlap, which may tka 
be preserved throughout. Hulf headers, so supplied, are technically termed closers A 
2 stretcher is obviously as available for this purpose as a} header, but the latter # 
preferred, because, by the use of it, uniformity of appearance is preserved, and whole 
bricks are retained on the returns. In walls of almost all thicknesses above 9 in.» 
Preserve the transverse and yet not destroy the longitudinul bond, it is frequently 
necessiry to use hulf bricks; but it becomes a question whether more is not lost in te 
general firmness and consistence of the wall by that necessity than is gaincd in the 
uniformity of the bond. It may certainly be taken as a general rule, that a brick shoul 
never be cut if it can be worked in whole, for a new joint is thereby crvated in a constro- 
tion, the ditticulty of which consists in obviating the debility arising from the covstast 
recurrence of joints. Great attention should be paid to this, especially in the quoins d 
buillings in which half bricks most readily occur, and there it is not only of consequent 
t» havo the greatest degree of consistence, but the quarter bricks uscd as closers at 
readily admitted, and the weakness consequent on their admission would only be increased 
by the use of other bats or fragmenta of bricks. 

Another mode of bonding brickwork is, instead of placing the bricks in altemat 
eourees of headers and stretchers, to place headers and stretchers alternately in the sam 
gure, This is called Flemish bond. Closers are necessary to both varieties of bond ia 
‘he same manner and fur the same purpose ; half bricks will also occur in both, but whit 
das been said in reference to the use of them in the former applics even with more fare 
w the latter, for they are more frequent in Flemish than English, and the transverse t# 
iu thereby rendered less strong. Their occurrence is a disadvantage which every paint 
ahyuld be taken to obviate, The arrangement of the joints, however, in Flemish bond, 
venting @ neater appearance than the English bond, it is generally preferred for ex- 
turual walls when their outer faces are not to be covered with stucco or plaster comp 
sition of any kind, Wut English bond ehould havo the preference when the grestes 
Uvgne vi strength and compactness ia coutdered of Ung Vigherh imyartence, became it 
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edge. This tool hasa face the same width as the intended joint, and leaves its imevea 
upon the material, the superfluous margins being cut or dragged off by the Frenchmas, 
the eame as before. This kind of work is preferable to tuck-pointing, inasmuch as it is 
capable of being mado sound and durable, especially if the original joints have bea 
previously and effectually raked out; also the mortar may contain a greater propertva 
of grit, and need not contain any colouring matter to depreciate its actting qualities. It 
can also bo pressed into the nutural joints with greater effect, thereby ensuring stabiliy, 
and finished flush with the face, which will be a nearer approach in appearance to wat 
legitimately struck off the trowel. 

There is yet another kind of “bastard tuck-pointing,” which used occasionally » te 
applied to brickwork, faced with yellow malms, which consiste of a method of st-pping 
in the natural joints, while yet soft,and at the same time rubbing over the whole surfse 
with piece of brick of the same kind as those in the wall. By theee means, tie 
particles ground from the friction of the bricks become mingled with the mortur, 0 tit 
the fue of the wall, bricks, und joints are one level surface, und as nearly as 7 
one tint, It is then left until the time arrives for finishing, when the artificial jist 
are laid on iu the same manncr as describid in tuck-pointing. One thing in favour 
this method is the fact that the stopping becomes nearly as hard as the bricks, a4 
therefore very little danger occurs of carly deeay. But with the disappearance of rel 
malm bricks, this system of pointing appears to have disappeared also, and it would le 
well tu be enabled to say the same of all other pointing in so far as new brickwork i 
cuncerned. 

If pointing is to be done, and must be done, then let it be done properly—that is 
say, neatly and sound, with good material, say Portland cement, spread out ina dy 
place for several days to uir it, and mixed with a fair proportion of gond sharp. fine cit 
well washed; the natural joints raked out toa depth of not less than 3 in., easily sive. 
when the work is bein built, before it has had time tu ¢ t hard, with a piece of # 
shaped aya raker; it should not by any means be done with an iron instrument, wh 
in the bunds of an unskilful workman, will tear off the arria of the bricks. After raki"s. 
the face of the wall should be cleaned, and the joints well swept with a hard brom. It 
should be borne in mind, that if the bricks are cleaned at this stage, the cleaning 
done at half the cost, because the dirt and mortar spots will not have had time to cs 
hanlen; if allowed to do so, there is no hope of removing them without destroyins t'4 
tuce of the brick. In hot, dry weather each piece of work should be well saturated wit) 
water before pointin, which should not be commenced while the water ix stand 
the tace. ‘The joints should also be © wughed in,” and finished while sufficient 
tobe plinble; the tool should bea trowel, because what Mttle trimming is necessary 
sere of neatness i+ best done with the trowel. for the reason that it dues not tear 
avn Red brickwork expecilly, when pointed in this way, will look remarkably 
vause, when toned down by a few months’ wear, the tint of the cement harmouiz 
a the colour of the brick with a very pleasing effect, The strength an 1 tone of the 
pat rial will be eratly improved by a few drenchings of water, after the work is d' 
‘ant suiticiently hard to bear it, providing the season of the year wll permit it. Int 
‘a eence of cement, the best “greystone lime” should be used. ‘This should not be 
“rua,” the common way of treating this kind of lime, but “‘sir-s'aked,” sifted dry 
smagh a very fine sieve, and mixed with ¢):c saud before wetting. in the same way. 
exh cement, only the whole quantity required for the job should if possible be made up 
‘at owe time, ond kept moist; not by continual adding of water, but in a damp place, 
debul fro the sun and wind, and before using beaten into a fit state of consistenct, 
esck a ween or iron beater. 

Taw who ure called upon to uso “black” pointing mortar should never stain it 
war *lomp black,” “foundry sandy’ or “ forge Mowers,” but procure from a powder 
woh atefuse called ~ grecn charge” ) Wisin u wet take Who tsar eery cheap 
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show respectively the Ist and 2nd courses of a 1-brick wall in Flemish bond; md 
Figs. 1820, 1821, the same in o 2-brick wall. Figs. 1322, 1823 are the 1st and Sad 
courses respectively of the comer of a 1-brick wall in Flemish bond; and Figs 134. 
1825, the same of a 2-brick wall, The bond used for garden walls consists of $ stretch 





and 1 header a!ternating in each course. A bond much used in Scotland has 5 cous 
of stretchers to 1 of headers, In the junction at right angles of 1-brick English bed 
walla, the Ist and 2nd courses respectively are as in Figs. 1326, 1327; in Flemish bud 
they resemble Figs. 1528, 1329. 

Hollow walls.—Brick walls are sometimes built hollow, with the view of gaiving om 
or more of the following oljects,—(1) economy of materials, (2) equalizing the temper 
ture and preventing damp in the apartment enclosed, (3) providing a flue for the 
passage of smoke. In the ordinary hollow wall, the bond is s brick, which of coum 
readily conveys damp from the outside. The best plan of joining the walls is by ima 
ties, as patented by Chambers and Monnery, 41, Bishopegate Street Without, Loudon, 
and shown in Figs. 1330 and 1331. 

Fireplaces.—Fig. 1882 shows the manner of supporting the hearth-stone of a fireplace 
when timber joists are used. Into the front wall a or chimney breast, below the grata, is 
built the hearth-stone b, supported at one end by the wall and at the other bys trimmt 
arch o having its bese situated in the wall a, and its crown abutting against the trimmt 
joiet d, 
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Concrete.—Conerete is an artificial compound, generally made by mixing lime 
cement with sand, water, and some hard material, such as broken stone, gravel, bor 





clay, bits of bric’:, alag, &c. These ingredients should be thoroughly mixcd eo as to ‘orn 
a sort of conglomerste. The Vine, ot cement, wud, aud water, combine to form a lime 
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cement mortar in whieh the hard material is imbedded, so that the result isa species 

‘Yery rough rubble masonry. The broken material js sometimes for convenience called 

ho “aggrogate," and the mortar in which it i encased the “matrix.” The strength 

bother qualiti¢s of concrete depend chiefly wpon the matrix. They are, however, 
Anduenced also by the aggregute. 

As to the matrix, the lime, or cement, sand, und water, should be so proportioned 
that the mortar resulting from their mixture is the best that can be made from the 
‘“Minterials available. Asa rule it should 
be better than the mortar used for walling, 

“especially if the concrete is to be used in 
it positions. The reason for this 
‘Ts that, in concrete, the mortar receives less 
‘maisinnce, from the form and armngement 
‘of the bodies it cements together, than it 
does in masonry or brickwork. [n some 
‘tases the mortar is mixed eoparately, just aa 
Mf it were to be used in building brickwork 
or masonry, and then ndded to the hard 
tinterial. Mors generally, however, the in- 
grodients are mixed together ina dry state. 

The aggrezate is generally composed of any hard material that ean be procured near 
‘at band, or in the most economical manner. Almost any hard substance may be used 
when broken up, o. g. broken stone, slag, bits of brick, of earthenware, burnt clay, breeze, 
and shingle. Preference should be given to fragments of a somewhat porous nature, 
wach as pioces of brick or limestono, rather than to those with smooth surfhees, such aa 
Mints or shingle, né the former offer rough surfaces to which the cementing material will 
‘readily odbere. Any aggregate of a very absorbent nature should be thoroughly wetted, 
especially if it is used in connection with a slow-setting Hime or eument, otherwise the 
aggregate will suck all the moisture out of the matrix, and greatly reduce its strength. 
‘Many prefer aggregutes composed of angular fragments rather than those consisting of 
Pounded pieces, ¢, g. broken stone rnther than shingle, Tho resson for this is thut the 
angular fragments fit into one another, and lightly ald the coherence of the mortar or 
reat forming « sort of “bond,” while the round stones of tho shingle are simply 

held together by the tenacity of the matrix. Moreover, the angular slones are cemented 
oe by their sides, the rounded stones only at the spots where they touéh one another, 

‘Whe aggregateis generally broken so as to pass through a 14- or 2-in. mesh. Very large 
Blocks cause straight joints in the mass of the matorial, which shoull be avolded if the 
coment ix to bear a transverse stress or to carry any considerable weight. Of the aggre- 
gates in common use, broken brick, breeze or coke from gnsworks if clean, ind burnt 
clay if almost vitrified throughout, all make yery good concrete, Gravel and ballast 
are also good if angular and clean. Shingle is too round and smooth to be a perfect 
aggregate. Broken stone varies; some kinds are harder, rougher on the surface, and 
therefore better, than others. Flints are generally too round, or, when broken, smooth 
and splintery. Chalk is sometimes uscd, and the harder varicties make good concrete 
fm positions whore they are mfe from moisture and frost. Slag from iron farnaccs is 
sometimes too glassy to make good concrete, but when the surface is porous it is one 
of the best ageregutes that can be used, It is hard, strong, and heavy, and the fren 
im it combines chemically with the matrix, making it much harder than it would 
otherwise be. 

‘The size of the pieces of which the aggregate ia formed influences the contont of the 
void spaces between them, and therefore the quantity of lime and sand that must be Heed, 
- Unless the mortar is of such 8 description tht it will attain @ greater harness Gown Ss, 
‘aggregate, the object should bo for the concrete to contain ns magn drsken manta sath 
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by walking over them, or in any other way, after they have commenced to set, (mer 
made with a very quick-setting cement should therefwre not be rammed at all. Vea 
concrete has to be luid under water, care must be taken that it is prmtectel dorngia 
passage down to the site of deposit, so that the water dovs not reach it until it is bid 
‘This protection is afforded sometimes by shoots, by boxes, or by specially contrivel im 
“gkips,” which can be opened from above when they have reached the epot where the 
conerete is to be deposited, 80 as to leave it there. Sometimes the conerete is tiled ie 
bags and deposited witliout removing the bags. Concrete is also made into blocks mr. 
ing in size from 2 to 200 tons. Theso are allowed to set on shore, and deposited, te 
emaller ones in the same way as blocks of stone, those of enormous size by specal 
arrangements which cannot hiere be described. 

In the construction of walls or buildings of conerete, the latter has to be ketis 
place or supported by boards or otherwise, until dry and firm enough to be self eappat- 
ing. Various kinds of suitable apparatus liaye been invented and patented, all mve® 
leas costly, A strong, simple, and inexpensive set may be made after the plan desortel 
and illustrated below. In Fig. 1833, which is a perspective view, the boards abcde 








are each made of 3 planks / 9 in. wide and 1} in. thick, planed on the inner side. Te 
width of each board is thus 2 ft. 3 in. and the length may be varions,—4 fr, 5%. 6% 
The 3 planks f forming each board are eld together by a piece of ansle iron, sewwel 
on at each end, which also serves to retain the bolts g by w! the boards are seca 
to the uprights kh. The Inst are formed of a strip of board 2 in. wide by about 6 ft. lows 
tw which is screwed a piece of channel iron (44) of the same width and length. Te 
imn bolts g hold each pair of uprights at the required distance apart, to suit the thick 
wos of the wall, as well as hiclping to tie together the boards on each side of the wal, 
and resisting the pressury of the moist conerete. As the wall advances jn height, the 
tottom boards ¢ de can be removed and placed above the next row a 6, and xo on; ani 
whon the wall is sufficiently firm, the uprights can be removed and fixed higher. In 
uistition to the straight boards, there will be needed some angle boards for turning 
winor Fig. 1334 is an elevation, and Fig. 1335 a horizontal section of the structure. 
bys 1890 is u nearly full sized section showing details. 
Ciaeenting Material.—It is hardly necessary to say that when there is a choice, te 
aban gtt und quality of the cementing moterisl should be in proportion to the importance 
+4 Wie part the conerete hea to play. Tha tot Vime conctelea would be, 
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‘on the surface of the wall; it will eat through mny coat of paint that haa 
after the efflorescence bas once commenced, and will even detach small 
‘of the materials composing the wall. Provention in. this ease is better than 
at cure. The best plan is to avoid all the materials above mentioned as 
give riso to efflorescence. In the case of brieks, clay containiug pyrites or much 
should not be ted; special bricks may be burnt with coke or weed, As 
‘mortar, the use of Hmestones containing magnesia te any great extent may 
ly be avoided, If, however, it does occur in spite of all precautions, the following 
may be tried. (a) In the case of ashlar work: (1) The surface may be 
with a wash of powdered stone, cand, and water, which ia afterward cleaned off; 
Hap tho pores of the stone, and temporarily stops the effleroacence; when the 
removed, the saltpetreing will rooommence, but in a weaker degree than before, 
og the surfiwe is sometimes efficacious if it is done before the efflorescence 
0 (0) The mortar before use may be treated to preventit from causing efflores 
(QQ) By mixing with it any animal fatty matter: Gillmor recommends 8-12 tb. 
matter, 100 1b. quicklime, and 300 1b. coment powder. (2) Potash salts may bo 
A barmnless by adding: hydrofluosilicic acid, 

wals.—The walls of » stone house, and sometimes of a brick house, are 
overed with dampness. This is due to tho same cause by whicl: dew is deposited 
(as, of moiature on the side of a glue or pitehor filled with ice water and brought 
warm room. The walls become cold, and as stone is a non-condactor of heat, they 
cold for « long time. When the weather changes suddenly from cold to warm, 
becomes filled with moistare, for the warmer the air is the more moisture it will 
). When this warm sir strikes the cold wall, tho moisture is deposited on it from 
F, Which is suddenly cooled by contact with the walla, and ns the warm air ix con- 
ly cominz in contact with the walls, the dampness acoumulates until it appeans 
dew upon them, and pours down in streams at times. It is easily prevented. No 
should be put directly upon brick or stone, bot * farring” strips should be nailed 
(wall, and the Isths be put on these. Qollars are frequently made very damp in 

we way by too much ventilation in warm weather. 
plding.—Tho scaffolding used by bricklayers consista of (1) poles which are 
¥ 20-90 ft. long, or even more, and 6-9 in. in extromo diameter at the butt 


is. 


ends to prevent splitting. e 
materials the scaffolding fer brickwork is put together in the fillowing 
D ‘# line of upright scaffolding poles is erected on each side, parallel to 
ills, nt the distance of about 5 ft., and at intervals of 8-10 {t npart. ‘They nro 
(Ree Seaea fete the promn ot the batt end, and the earth rammed round 
line of horizontal poles of the same deseription ie lasted wud wedged 
‘upright poles, in the position intended for the ‘ret sealic\A (or WaNions). 
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Concrete.—Concrete is an artificial compound, generally made by mixing lime or 
cement with sand, water, and some hard material, such as broken stone, gravel, bumt 





clay, bits of brie’, slag, &e. ‘These ingredients shouli! be thoroughly mixed s0 as to ‘orm 
a ort of conglomerute. The lime, or cement, sand, aud water, combine to form s lime 
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‘of hellams ts secured to the raftere with a young tough twig, called a “ledgor,” 
if 4 ft. long and 1 in. diam. : each row of bellams is also scoured to the row under- 
Tt with 3 split twigs, called spars, about 2 ft. long,and 8 can be split out of a 
Zin. in diameter; they are pointed at both ends, and are then doubled in two, 
thateher gives them 2 twists round in hia hand, in tho same manner as a ropo is 
this-gives the spar o splintery surface, and enables it to hold on when driven 
straw. 
thateher has o leather glove on his right hand: and keeping his hand flay or 
he gives the spar 2 or 3 umart blows, sufficient to drive it into the straw; the 
‘gerves ag 8 protection to the hand. Tho spare must be sonked in water for soma 
‘before thoy aro ueed, (u order that they shall not break in the doubling up. 
Phe “ledger” is a tough twig, about 4 ft. Jong and 1 in, thick, as before described; 
end is pointed, and driven or rather pushed 6 in. under the outside rafter of the 
: itis then brought over the top of 2 rafters, and over the top of the hellams, and 
secured to the inside rafter of tho course with about 8 ft. of rope-yarn, by means of 
ong flat needle, thus holding down the row of hellams, and preventing them from 
zo the roof, In «peaking of the outside and inside rafter of a course, it is meant 
outside rafter, the rafter thnt is farthest from tho thatoher: and by the inside 
ter the one thut is nearest to him; and thus the inside rafter of one course becomes 
ae outzide rifter of the next course 
“The thatehor gives each course, ay it is laid, a combing dowa with his rake, to got out 
© locke strawe: he then takes a bucket of water, and throws it right down the cour, 
‘gives the straw good beating with the back of his mke, to break any stubborn 
wee nnd to make it ull lie close: he then finally gives it another combing, and alter 
it smooths it down with tho back or flat side of his rake, and it is finished, 
Tk will be seen by referring to Figs, 2078 ond 2080, that a crook is formed in tho 
die of the rake, The reason for thus crooking the handle is to keep the thateher's 
F from contact with the straw, and thereby save his knuckles. 
| ‘Phe ridge and hips are managed thus:—The thateler, in doing one sido of his roof, 
caro to Teavo s good length of screw hanging over and ywat the ridge. Aa he 
i the top of each course on the other side of the roof, he bends down the tops of 
first cide, and covers them over with the Just row of hellams on tho Inst side, bending 
hese last in their turn down over the other side of the roof, The ridge is then scoured 
‘esch side with 3 rows of bands or spars, placed end to end,and each spar is secured 
‘3 other spars to thatch, In tho éase of tho hips, there are no bands of spars, but 
slo epars, 12 in. apart, are bont crosewise over the hip, and secured with 3 other spara, 
‘The eaves aro also socured with 2 rows or bands of spars, Wheaten straw 
done as hero described, will last in our climate for 15-20 years. Oat straw, 


8 yours, 
[ ‘Shingles or shides —A convenient roofing material when wood is heap and abundant 
pomaists of a kind of “wooden slates,” split pieces of wood measuring about 9 in. long, 
in. wide, ani 1 in, thiek at one end but tapering to. sharp edze at the other, 
| Shingles, or wooden slates, are made from lard wood, either of oak, larch, or cedar, or 
y muteria! that will split easily. Their dimensions are usually 6 in. wide by 12 or 18 
long, aud about in. thick, They are in horizontal courses of 4 oF 5 ia. gauge, 
Jed upon beards, the joints broken, commencing with the caves’ course, The ridge ix 
ied by whint is called a ridge-board, or a triangle of inch stuff of 6 or 8 in. each side, 
| America, where this roof is common, tho mechanics Lave a special tool for shingling, 
‘called f shingle-axe, with a hammer at the back, 
| Pelt. Roofing felt is « substance compused largely of hair saturated with an asphalte 
positiv, and should be chosen more for closeness of texture than excessive thiokeess, 
fesold in rolls 2 ft. 8 in. wide and 25 yd. lung, thus containing 200 0. wager in ae, 
fore the felt ia Juid on the boards (j-in. close Loarding), © coating, compared AS. 
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round which the eard is strained should be chamfered off. When 8 large 


neddle and waxed or“ Willesden” treated threud, When advisable to strengthen 
it can be bent over and then sewn or riveted, or a strip of the card made in 

‘of a clip can be sown or riveted on the edge of the sheet. In all cases before a 
bend is mad» the card should be placed in cold water for a few hours, or sponged 
| hot water on both sides, to prevent cracking, The card may be painted or tarred, 
u pe rr cals, So, alabed noes Peay but remain practically 


ee mode of covering may be named as follows: —Ont a length of card from 
ll, grip cach end betwoon 2 battens firmly sorewed together, and draw the sheet 
‘thus secured over n roof, ridgo, rick, pole, or anything requiting protection, and 
fast to the ground or othor holding, and, when desirable, for euch temporary and 

ble covering the cdges of the card may be bound with “ Willesden” webbing, and 


P 


sopra 


— 


d to enable the sheet to be easily made fast by cords or ropes. Similarly, a piece 
of’ Willesden” canvas may be riveted or sewn on to the card at any place, anid 


ata ap, or for any purpose where canvas may be required. 
the * Willesden * cnrd possesos great practical advantage, by Whe ene wh Shan 
thay be offveted without skilled assistance, In caxo of accidental AamumgE es Wes 








620 Roorinc— Willesden Paper ; Slutes. 


of card may be placed respectively on inner and outer side of the damaged part,=l 
then be sewn together by strong needle and waxed thread, ur riveted with copyer rivda 


Referring to the illustrations, the solid lines 


t_ woodwork, while the bb 


lines indicate the roofing card. Fig. 1850 is a view of a shed rouf; Fig. 1351, cross sectim 


of shed; Fig. 1852, detail of ridge 
and caves, with alternative ridge 
construction, showing the usual 
fixing forsheds; Fig. 1858, detail 
of ridge and eaves, when the roof 
is to be made airtight; Fig. 1354, 
detail section of the rafters. 
Slates.—By far the most im- 
portant roofing material, and the 
one in most general use at the pre- 
sent time, is elate. Slate is an 
argillaceons sedimentary rock 
which, efter being deposited as 
clay at a very early geological 
epoch, has been subjected to enor- 
mous mechanical pressure, the re- 


sult of which has been that the beds have been squeezed together and the malsél 
rendered very dense and compact, while the original lines of stratification have bat 
almost obliteruted, and the particles have been rearranged in freah planes perpeodicelt 





to the direction in which the pressure was exerted ; along these planes the rock split 
with great ease. The strength of the meterisl bes thus no connection with its natural 
bed, even when the latter can We Sincovered. "Thin WANG & Tesihe qoyerty mks 
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ntty usefnl as a building material, as, notwithstanding the foct that it is one 

le hardest and densest of rocka, it can bo obtained in such thin sheets that the 
‘ef a superficial foot is very small indeed, and consequently, when used for 
roofs, ® heavy supporting framework is not required. Slate absorbs « 
perceptible quantity of water, and it is very hard and close-grained and 


h on aurface; it can be Inid safely at as low a pitch as 22)°. Tn consequence 
the general introduction of slate as a roofing material has had a prejudicial 
‘upon the architectural charicter of buildinga Tho bold, high-pitched, lichen- 
d roofs of the middle ages—which, with their warm tinta, form ao ploturesque a 
of many an old-fashioned English country towa—have given place to the flat, dall, 
roofs, 


best roofing slate is obtained from North Wales, chiefly in the neighbourhood of 
where there are nomerous quarrias, those at Penrliyn being tho largest; tho 
from this district generally go by the name of Bangor, At Ffestiniog and in the 
bourhood there are also numerous quarries, the slates from which are generally 
0 Portmadoo slates, ns they are shipped from this port. The colour varies from 
to purple and black,and » good effect can be obtained in buildings by using 
bands of different colours in the roof. Good slates are also obtained from 
(wall, where the quarries havo been worked for a long period; and from the Lake 
let, those which come from the neighbourhood of Maryport being of a bright sea- 
colour, As a general rule, the finer the grain of the slate and the cleaner and 
her the surface with which it splits, the better it will be. When the surface is 
and uneven, it is proballe that the slates have been obtained from s bed where 
re rook was in closs proximity to, and partly mixed witli, some foreign substance, 
na mandstone; and such «lates would be likely to absorb more water than the fine- 
a varieties. 


Jarge demand for roofing slntes lias led to the opening of many new quarries 
the last fow years, the slates from which are of varying degrees of excellence, 
baorbtion of water ia, of course, tho most valuable characteristic; an easy teat of 
mm be applied by carefully weighing one or two spevimens when dry, and then 
them in water for a few hours and weighing them again, when the difference 
will of course represent the quantity of water absorbed. The light-blue 
(red slates are generally xuperior to the blue-black varieties. 
he chemical analyais of an average specimen of slate may be taken na 
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cording to size, passed through holes punched near the centre and top of the slates, 
measured by the square of 100 ft. super, 12 in. extra being allowed for eaves, 

=iitps, leys, and irregular angles ; circular elating is } extra. A good alate should 
Femnit @ clear ringing note when struck, and feel hard and rough to the touch, Tho 


ai 


“ back” of'a slate is its upper surface ; the “ bed,” its under side; the “head,” its upper 
edge ; the “ tail,” its lower edge. Fig. 1356, is a elater’s pick hammer ; Fig. 1857, a Inth 
hammer; Fig. 1858, a cutting iron for reducing the dimensions of slates; Fig. 1339, a 
alater’s axe having a cutting edge and a pick at the back. 





1359, 


ra a 


‘The effect of wind pressure on slated and tiled roofs is important. The cause of 
slates being blown off is not quite so simple as might at first be imagined. When looso 
ridge tiles or broken slates occur, these are blown off as a matter of course, but it fre- 
quently happens that roofs which were perfectly sound are seriously dumagod. As the 
direction in which the force of the wind acts is horizontal, there would seem to be no 
tendency to rip up or break off materials lying #0 closely upon one another as slates. 
‘The true explanation is probably this : any exceptionally strong gust of wind is succeeded 
by @ momentary vacuum, and as under ordinary circumstances the atmospheric pressure 
inside and outside a roof is equal, it follows that during the brief continuance of the 
‘vacuum outside the pressure inside is considerably in excess, and the weakest yointa ot 
the roof covering will have a tendency to be pushed outwards. Now in radia coverd 

















Grazixa—Lead Glazing. 631 


‘e. Nextout another length of the calme the breadth of the easements; open the end 
ecalme de with the ladikin, ns shown at f, Fig. 1364, insert the end of the ealme Inst 

the one already fixed nt d, taking care to see that this end is bright, and brad this 
jd calme down, a4 at df, at right angles to the former, und nlong the Inth ac, The 


os mre cut with the cutting knife. The pane of glass 1 is now taken, the ondsof the 


ts de and dfopened out with the ladikin, the square of glasd is placed in and tapped 
me with the heavy handle of the cutting knife. Having set pane No. 1, cut withthe 

(® pieces of calme of the exact length of tho side of the square, taking care to see 
e end ix bright ; opon both idea with the ladikin, then place tho end in the caline 

ls shown nt g; pane 2 is now placed in this, and carefully tapped home with the 
le of the knife; then the lead h is out and placed ; next follow pane %, calme ¢and 
§, &e., and the first row ix glazed. Take especial care that each pane has been 


ch another calms and cut it to the proper length and open it up with the ladikin, 
tthe end of this in the vertical ealme d ¢, and place the ends of the spurs g hike in 
Yow begin another row with the pane llow this with the short lead n; then the 
, Toad 0, pave 8, und till the second row is complete. When all the panesare fixed 
d the casement is complete, the end ealme is fixed. nnd then the side one All 
W ready forthe aoldering. ‘The bit or sllering-iton fs lented, and the operator 
a strip of fine solder, In his left hand, of an cnsily fusible kind. He then sprinkles 
rosin at the place to be soldered, places the end of the solder 
to the firdtand spplies tho heated bit until « good joint is made, and the solder 
‘a moat Little raised circle at the place, This operation is repeated at cach joint 
‘il are secured. Somo workmen prefer “killed” spirits of salts (ee p, 101) to 
forthe fax, The bit or iron showld not be too hot, and should not be held in 
with the calmes too long. It is important that the ends of the lead be bright, or a 
Joint cannot be secured. ‘The bands which secured calmes abd, be to the brads must 
je Tdosened, the light turned over, and the other side be soldered ina eimilar manner. 
ext the “ bands” or ” ties" have to be fixed, Those aro amall strips of lend or little 
if copper wire, intended te seoure the lights to the “ saddle-bara” of the window. 
faddlé-hare are lorizontal bars of small iron rod crossing the window-opening, thoir 
ing set in the stonework or wood, and are intended to support the glass. Asmany 
(should bo soldered on as the glazier dooms requisite. Copper wire ties are geno- 
prefer for frotwork, In the rectangular iron frame fur opening, caseunente. os 
the lend light is fitted, the smith generally drills soa\\ oles D\ woah, sees 
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ends attached fo the arme of « suitable crank, These are made in eeverv] forms to 
2 mast be chosen accordingly. It is important 


1377, is needed for boring passages for the wires, unless the additional 
ense ix incurred of letting in tubes for the wires to run in. The wire 
Is of copper, Nos. 16, 17, or 18 gauge for indoor work, and 14 or 15 for 
Tho wire should be strained quite tight when put up, and soourcd 
tend {0 the chain on the bell-pull, and at the otber to the lower arm 
e bell, nllowing the latter to hang perpendicularly. The boll-pull, bell, 
and cranks must be very firmly securod in their places; joints in the wire 
are always made by looping and twisting, with the aid of a pair of pliers 
\Which also cut off the ends. The whole system ia very crude as compared 
With ihe electric system, which is now coming into general use, 
Electric Bells.—An ordinary electric beli is merely a vibrating contact- 
carrying a small hammer on its spring, which hammer strikes a bell 
within its reach na long an the vibration of the spring continues. 
Mecessnry apparatus comprises a battery to supply the forces, wires to 
Bt, circnit-cloeers to opply it, and bells to give it expression, 
“The Loclanché battery (Fig. 1378) is the best for all clectric bell eystems, 
great recommendation being that, once charged, it retains its power 
attention for several yenrs. 2 jars are employed in its construction : 
the outer one is of glass, contuing a zine rod, and is cliarged with a 
jpolution of ammonium chloride («:-aromoniac). The inner jar is of porous 
bon plate, and is filled up with a mixture of 
[manganese peroxide and broken gas carbou. When the carbon plate and 
|te zine rod are convected, a steady current of electricity is sot up, the 
|eliemioal reaction which tokes place being as follows:—Tbe zinc becomes 
oxidized by tho exygen from the monganese peroxide, and is subsequently 
leouverted into zino chloride by the action of the sal-ammouinc, After the 
battery has beer in continuous use for some hours, the manganese becomes 
lexhausted ef oxygen, and the force of the electrical current is greatly 
|diminished; but if the battery bo allowed to rest for a short time, the man- 
obtains a fresh supply of oxygen from the atmosphere, and is ugnin fit 
for use. After about 18 months’ work, the glass cell 
\will probably require recharging with snl-ammoniae, and 
the zine ted may also nocd renewing; but should the 
p coll got out of order, it is better to get a new 
lone entirely, than to attempt to reolurge it. 
‘On short cirenits, 2 cells moy suffice, increasing up to 
|@ or Gas required. It ix falae economy to use a battory 
foo weak to do ite work properly. ‘Tho battery should 
Ihe placed where it will not be subject to clianges of 
\temperature, e.g, in an underground cellar, 
‘The cionit wire used in England for indoor situa- 
fons is“ No. 20" copper wire, covered with guttapereha 
wnd cotton. In America, “No. 18, first-class, braided, 
‘cvtton-covered, office wire” is recommended, though emallor and cheaper kinds are often 
fmsed. ‘The wire should be laid with great regard to keeping it from damp, und ensuring 
[it perfect insulation. Out of doors, for carrying long distances overhead, ordinary 
Galvanized iron wire ix well adaptod, tho gaugo remning from “No. 4" to “No. 14," 
|Becording to conditions Proper insulators on poles mie) he proved, exciting OA 
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ther potnt of the ewitel in each room in now connected by a wire with 1 binding- 
(of a telephone, and the other telephone screw is attached by another wire to 
bell return. Connecting 1 pole of the battery also to the return wire and the 

ther pole to each of the frout contacts of the keys, the aysterm ix complote, When 
rost, each switch ie turned on t» the bell. To ring the bell in the other rom, thy 
‘The battery cirouit is then from battery, front contact of the pressed 

p, stem of key, main wire, stem of distant key, switch, bell, and through return wire 
other pole of the battery. After bell signals are interchanged, the 3-point 

hes aro tranaforred to the telephone joint, and conversation can be maintained. 


‘an Electric Bell.—The following description applies to 3 sizee—riz, for 
‘bell, hereafter culled No. 1; 2§-in., or No. 2; 4-in., of No, 3, which sizes are 
for most amateurs’ purposes, and, if properly made, « No, 3 Leelanché well 


‘Phe Backboard and Cover.—This way be of avy hard woud, by preference teak, onl, 
+ mahogany, and if polished, so much the better; the size required will be— 


No. 1, 5} iu. long, 33 in. wide, § in, thick, 
No27 i. , Bin, Fim ,, 
No.3, 8hin » 5 inn Pin» 


Phe cover must be deep enough to cover ull the work, and reach to within abont } in, 
the top and sides of back, andallow 3 in. to 2 in. botween the edge of bell and cover; 
ng of this had better be deferred until the bell is nearly complete. 


ioe shape (Fig. 1380), Tho part ab must be quite straight, and not damaged by 
forging ; the bend should be as flat na possible, 20 as to make the toaguot aa short 
be {to save space), When mode, the magnet ix put into a clenr fire, and when red 
taken out and laid in the ashes to slowly cool; care must be taken not to burn 
Lastly, 2 small holes are drilled in the centre of the ends at c, about jy in, deep; 


HU} ox 


‘drive & pieces of brass wire tightly into tho holes, and allow the wire to project sufli- 
‘eioritly to allow a piece of thin paper betwoen tho iron and tho table when the iron 
“Ts standing upon it; this is to prevent the armature adhering to the magnet from 
‘residuary magnetiem, which always exists more or less. ‘The measurements are— 


No. 1 size iron $ in, dtoe $ in, a toh 14 in. 
No2 » Winn » Fim, y Ipin 
No3 » vying » Zim, » Ibin 


_ ‘Thr Bobbins or Coila—These are made by bending thin sheet copper ruund the 
part abot the magnet; the edges at a (Fig. 1381) must not quite mest. ‘The Weicker 
if this copper must be sueh thot 4 pieces just equal in Vhicknesa Yoo elge dh a vem 
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blue, green, and yollow, and the 2 former aleo, in a measure, absorb light, and thus, 
miess employed with discretion, render s room somewhat darker than other colours, 
‘so-called wathetio * washed out” colours rarely suit the surroundings of ordinary 
hie pelle feat real ete nebo pele pele ater ores 
artificial productions that pass Ey Kila uaa stele ngs DEE ee 
ace ema resent ol sbaeetl pare seca ee 
papers have not suffered greater improvements in accordance with the require- 
of the age. 
I ‘The papering of halls, staircases, and passages are points that requiro very carefisl 
ion if we wish to render them eomething more than long vaults walled in with 
of imitation marble, Asa rule we find varnished marble paper selected for thesa 
and the pies for its adoption usually hinges on the supposition that it renders 
“Tight,” and posseeses the property of being clean. Now it docs not require 
deop thought to arrive at the fnet that there aro 50 papers at lest in existence 
will bear varnishing, prove equally “ light," and yet be more spproprinte to every- 
day life and every-day surroundings. 
t ‘The entrances hall should present a comfortable appearance, and a dark, rich paper 
with Indian matting dado is very suitable for covering the walls, Light colonred papers 
they show the smallest particle af dirt or the faintest 


ducing a little “ portable” decoration in placea where tle eye usually finds merely an 
Enfinite deal of nothingness. 
Respeoting wall coverings for kitchens and similar apartments, plain, washed walls 
re undoubtedly cleaner than any papers, but if the latter are to be employed, a plain, 
ite tile paper is perhaps most in keeping with the fittingsand furniture, Ifvarnished, 
such papers may be easily washed, and thus rendered always clean and fresh. 
Exponsive papers require to be hung with the most skill and care, At the same 
common papers are more difficult to hang well, as they are very apt to tear 
th their own weight when saturated with paste. In hanging flock or other thick 
pers, the paste should be applied some time before they are hung, in order that it 
‘may soak well into ther, The ceilings should be finished before the paperhanging 


Before commencing to paper a wall, it is essential to sce that the plaster is in a per- 
fect condition and free from holes; if not, these must be made good and allowed to dry. 
If the wall is being repapered, the old paper must first be stripped off thoroughly und all 
Bidden defects remedied. The stripping is accomplished by well wetting the paper with 
iw whitewash brush dipped into hot water. When soft enough, it is pulled away from 
‘the wall inacereful manner by the aid of a broad so-called chisel knife, or any smooth and 
\equare cdged substitute, repeating the operation on obstinate spots, [tis best to burn at 
‘once the paper seraped off, especially when there has been illness in the roam. 

‘The wells being in a fit condition to receive the paper, a point is choren at which 

shall begin, and, if necessary, a perpendicular line to work by is drawn in 
[fimtollby the ata of a plumb-level. A line in the pattern is decided on for the top 
margin, where it moots the ceiling or frieze, and thia must be carefully adhered to all 
pound the room. In unrolling a piece of wall-paper, it will be found that it commences: 
‘the top of the pattern; consequently, as the papering should proceed towards the 
Fight, commencing ut the left corner of the room farthest from the window, the right 
Blank margin will be the one to cut off, and this can be conveniently done as the 
‘unrolling progresses. Bearing in mind the top margin, strips are next cut off of tha 
required length, in succession, always allowing ® sront\ Tomrgin in excems io we Gut A we 
te botlom. Each strip is pasted by laying it face downwards wa o lovg wands WAS 
































VENTILATING. 657 


The ventilating engineer, in applying mechanical ventilation to factories and 
tkshop (Sara serra ipl ork Gr borers 
the arrangements in public buildings; the consequence is that there aro 

ries, especially in the textile trade, in which there is ventilation of a better 
(that is, more perfectly distributed and much freer from draughts) thon in 
buildings, howover great the sum of money that may have been spent on their 


it may be necessary to say, however, that yentiloting arrangements that work woll 

nmer time are not necessarily satisfactory in winter, when yontilation cannot bo 

otory without heating, and heating cannot be wholesome without ventilation. 

[toften happens that this “ccay couple” are separated, and each then gets a bad name 
br want of the comforting influence of the other. 

Steam is a convenient means for supplying both heating and motive power, but that 

‘mininly w question of convenience. 

The application of power to ventilation may have come too late to “reduce it tom 

ee,” but it has brought it within sound lines of business, and made it posible to 
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self-acting air-pump ventilators are well known, and are found to 

Sasi osin contioncce action under all varieties of wind preasure; they 

‘often adopted without any inquiry being made as to the scientific principles ca which 

ere constructed, They consist of 4 sections, each acting independently of the 

"The exterior curved baffle-plate prevents the wind blowing through tho slits 

brined in the immediate interior plutes, and tends to concentrate the current. These 

Interior plates are curved outwards, s0 ng to take the premure off the vertical =lita, 

which form a communication with the internal chambers, through which the air im- 

ses on inner deflecting plates, and in further directed by the radial plates. The 

‘extemal air impinging on the radial plates is deflected on to the side plates, and creates 

dmoed ourrent. In its passage it draws the air from the central vertical chambers, 

“expelling it at the opposite opening. The vitiated air immediately ruahes up the shaft 

‘connecting the ventilator with the apartment to be ventilated, extracting the air and 
Producing a continuous upward current without the possibility of down draught, 

A somewhat similar arrangement fo Boyle's ventilator is patented by Arnold W. 

haw, of Lancaster, and consists of 3 rims of deflectors or plates, with openings in 
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666 Warmisc—Hot water; Steam, 
The following simple plan is adapted for a greenhouse. If the kitchen boiler is one th 
is fed from a cistern at the side of the fireplace, it may be utilized by connecting itiy 
means of 3-in. or 1-in. iron or lead pipe with the 

cast-iron (2-in. or 3-in.) pipes in the greenhouse. 

If iron connecting-pipes are used, they could be 

screwed into the boiler with a nut on each ontside 

to keep them watertight, by means of a grammet 

and red-lead paint. Ono should go into the boiler 

at the top and be connected with the top line of 
pipes, called the flow, and the other should go in at 
the bottom and be connected with the bottom line 

of pipes, called the return. If lead pipes are used 

they could be connected with the boiler and green- 
house-pipes by means of brass unions, to be pur- 
chased at any plumber's, The pipes should rise 
from the boiler to the farthest end about 1 in. tothe 
yard, and in the bend at that point should be 
screwed a 3-in. gas-tap, and from it a small lead pipe 
should be carried up to the roof inside. This top 
should always be open, to allow any steam to escape. 
If the kitchen boiler is supplied from the top of the 
house, it is more sutisfactory to put up a smuall gas- 
boiler, as the pressure of the water would try the 
joints and prevent the vent-tap being kept open. 
The kitchen fire would, of course, be required to be 
kept in all night in frosty weather, and there should 
be taps on the connections between boiler and pipes, 
to shut off the heat when not required. 

Steam Heat—Steam heat may well be compared 
with stove and furnace heat. Stove heat corresponds 
to direct radiation by steam, and furnace heat to 
indirect. The supply of fresh air from the outside 
to and over the hot-air furnace, and through hot-air 
flues into the rooms through registers, is virtually 
the same as when it is conveyed by means of steam- 
heated flues in the walls. Exhaust flues, for getting 
rid of foul air. are equally essential. The stove, as 
representing direct ra.tiation in the same manner as 
the steam coil, or plate, in the room, has the 
advantage over the latter of some exhaust of foul 
air, however little, even when the smoke-pipe is not 
jacketed, for the steau: heat has none, In com- 
parison with open-stove heat, steam heat is at still 
greater disadvantage; for open staves supply all the 
qualities of complete radiation—the introduction of 
fresh air and the escape of foul—to a degree wholly 
unattainable by steam heat, whether direct or 
indirect, or by hot-air furnaces, which always require 
special provision for the eseape of foul air. 

‘The advantage of stove and furnace heat over 
steam may be summed up thus:—It is more economical, more uniform, more easy of 
management, more suiteble for smell areas to be warmed, and is free from the noises 
and dangers of steam, Irregularities of She fre in team beating, we cconatant sou 
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674 Cement Foots. 


Thoee rails serve as 8 rest for the float used to make a level surface. One man allied 
to the caldron, another carries the prepared composition, in iron or wooden peils, tote 
operator. The workman who empties the caldron must not neglect to stir the contely 
of the caldron during this time, es the sand, being heavier than the pitch ar asphalt 
liable to sink to the bottom, causing an uneven surface. 

In order to produce asphalt in colours it is necessary to observe the following rule:— 
(1) A foundation of concrete, 1-1} in. thick. (2) Float upon this a covering of bist 
asphalt, } in. thick, as silicates will combine easiest with this. (3) Put down tia 
wooden strips according to the pattern you desire to produce. These rails of wal 
should be cemented to the floor with hot asphalt. (4) Then commence laying ott tie 
black part of the design. This should always be doue first, as the black compostin 
would be apt to soil the light colours if not laid down first. (5) In order to make tz 
edges straight and even, it is neces- 
sary to smooth them with the curling- 
iron, Fig. 1398. Tho woolen forms 
can be taken away when the com- 
position becomes hard enough to 
stand without support. (6) Once the 
design is all laid, commence pulishing 
it with a piece of amooth sandstone 
“tached to a handle, as shown in Fig. 
1399, (7) Production of artificial 
black: 40 per cent. chalk, 40 fine 
soft sand, 20 evaporated coal-tar. 
(8) White si : 35 per cent. pry 
chalk, 35 pure white sund (silver 
sand), 22 pure white rosin, 8 tallow; 
first put the rosin into the caldron—it must be well melted; then put in your chik: 
4 hour afterwards mix in tho sand; stir well and add the tallow. Asphalt in coleun 
(red, blue, yellow, and brown) is to be boiled like the white composition, only adding 
the respective mineral colours. 

Cement floors.—Portland cement, and compositions that resemble tlat material, ar 
used for a variety of purposes in Vienna; among others, for making artificial-ston 
walks, A dry is to be preferred; but if it should be moist, marshy, or a clayey 
soil, great care must be taken to make the foundation as firm as possible. This will le 
a matter in which the workman must exercise his own judgment and experience. Th 
first layer of concrete should be composed of 1 part cement and 3 of coarse grayel. This 
iy laid upon the soil which is already smoothed and graded. ‘The thickness of this lsse: 
will vary according to the nature of the soil. The second layer should be mised in 
equal parts, 2 of cement and 2 of fine sand. Then a third laycr, cqual parts cement and 
sand, completes the work, 

The workman finishes a piece about 3 ft. wide, from the wall to the curb, befur le 
attempts to touch another length. ‘The first layer is to be well rammed down to make 
it compact ; the other 2 layers are to be floated on as quickly as possible. It requir 
about 4 days for the sidewulk to harden. During this time it should be frequents 
sprinklod with water. Spring or autumn is the best season in which to lay the cement 
Summer is too dry, and winter weather is too severe. A sidewalk thus preparcd rill 
last about 15 years, 

The curbing is also made of cement. This is generally formed in a mould, Th 
joints are mado to fit into each other to prevent shifting after they are set. The bdr 
of this curb is composed of 34 parts broken stone or gravel to $ of cement; it is costal 
with a surface of equel parts fine cand and cement, Steps are made in the same wef. 

These would serve for Goor-ateps if Lhey led no WAG Me carry. “The uke d at 























Barwags, 675 


coneeiele frac class that, when properly hardened, it is stronger than stone. This is 
btfal. 

Bridges.—Obviously, to discuss the construction of bridges of large dimensions is 
quite beyond the scope of the present work. 

A simple form of timber bridge is shown in Fig. 1400, in which stout beams a are 
supported on posts b, duly fixed and strutted, with a flooring ¢ carrying posts d and hand- 
rails o braced as at f. When the stream admits, central posts may be dispensed with, 








and the beams supported only at the ends. The arrangement must be adapted to meet 
the requirements of the force of the stream, height in flood, liability to change of course, 
silting up of the bed, and probability of ice, fallen trees, &c., being carried down against 
the structure. Usuaily the narrowest point on a stream is the best for a bridge. 

An efficient substitute for a bridge, often used in India on watercourses which 
contain little water during a great portion of the year, and are only flooded occasionally, 
consists of a paved causeway. The banks are cut down to a gentle slope on each side, 
and a pavement or solid flooring of masonry or concrete is built to afford a firm roadway 
for vehicles, at such a level that the water does not enter them. One across the river 
Soane is a mile long and 12 ft. wide. Boat bridges are useful under some conditions, 
and are constructed by laying a plank platform on balks of timber resting on the banks 
of the stream and on boats lashed together. In hilly districts foot passengers can cree 


rivers in travelling cradles suspended from a single cable; ot there wry = “—. Sst 
+ 
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described on the surface of the ground, from whese area 
used elsewhere as compost. After throwing out a depth: 
and rope and bucket is set up to draw the earth out o 
is proceeding, a sufficient number of flat stones are laid 
they are sent down to build the ring. A depth of 16 ft. 
water is found, the digging must proceed to the requisi 
will be large enough bore for the well; the rest of the 
dry rubble masonry, and drawn in at the top to 2ft 
finished, the water should be removed from the well ¥ 
small, and with a pump if it be large, to allow the 
stones. A thick flat stone, reaching from the side of t 
firmly placed on the ground at the bottom of the well 
upon, or for the lead pipe toxest on. If » wooden pw 
having « hole in it to embrace the pump, is laid on a 
ring of the well; but if a load pipe is preferred, the { 
cover the ring, and the clayey earth be thrown over it. 
Where the well has to be sunk in loose gravel or 

adopted. The diameter of the well will be 3 ft. 6 in. 
building, instead of rubble, will be of droved ashlar, ea 
12 in. deep, about 213 in. long, in the chord of the 
and 17 in. long in a straight line on the other side. Th 
neatly to a circle, and their inside into an octagon. 
bevelled and wronght correctly to a mould; ¢ 
aring-boord formed of willow, not to flavour the w 
and 4 in, larger than the outside circle of the stones. 

ar in 2 courses of 4 pieces of equal size. In bu 
first course of stones to have the centres of their face rs 
of the ring J, The centres of each stone of the 











course 























board. 
well being 3 f 
stone will be ba 


e of each stone being u straight 
and the ring-board being correctly 
1} in. from the centre of the fie of 
nd soon with every course. A sma 
end, of 13 h, will bo found handy for setting 
must be most carefully made, The upper course to fort 
for the covers to rest on, and to slope to one side, to ca 
well. The covers to be droved, and in 3 pieces, one 
on one side and half of the well, and to be half-checke 
it in the middle, and they are to be half-checked int 
other where they meet in the middle, and to cover the 
of the stones covering a portion of the well to have an 
t freely out of the checks of the other 2 stones, The 
with putty well mixed with white-lead, to prevent wat 
the well. 

Where the interior of tho well is faced with bricks 
simple method of proceeding is as follows :—A dram-cu 
f wood, with a strong flat ring, of the same dia 
{ bottom, the breadth of the ring being equal to the 
Mf curb is 5 ft, or 90. ‘The ground being excavated to a 
this is lowered into the excavation, The operation of 
grudwally descending—the excavated earth being remo 
supported above the excavation by a triangular frame 
then built om the upper ting of the cure, the ter 
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Bert leg, scaly crmea 20 far oa to alrat sgainal a: corse pools dive: dawn bath 
render it very strong. In forming the rof, provision must 
for sloping it, 0 aa to throw off the rain and snow. A convenient height for 


wall (Pig. 1408), and from tho top of} & second rod ¢ is laid with its lower end. 
on the back wall. Then the front woll must be taken up as high as the top of b, 
the side walls are built up of logs d of diminishing lengths within the triangle 
bed by abc, Tho renmining spaces econ be filled up afterwards with odd bits 


1407. 


"The ever necessary firo is best supplied in the form of a stovo, the emnoke pipe from 
ch is carried through o large holo in the roof and well surrounded with clay to 
nb any possibility of the rafters 
ignited. Failing a stove, an 
a fireplace must be built, of bricks, 
6, or other available fireproot 
mate: ‘The method of constructing 
fireplace is shown in Fig. 1407: ab 
the loge constituting the tmok wall 
‘the but; in them a space 3 ft. high 
nd 24 ft, wide ia cut out; at the back 
this is placed a frame o of any hard 
able wood, measuring 18 in. from 
to front, 3 ft. 3 in. high, ond 
£t. 9in. long; 2 board f on the inside 
of the hut completes the fourth side of 
ihe fmme, enclosing a space d, which 
‘rammed fall with good binding cloy; when this is quite firm, an excavation is made 
ii the elay, of tho shape indicated at ¢ in Figs. 1407, 1408; 9 ix tho front of the fireplace 
i ‘by inserting iron bars; h ia the combination of the wall of the hut; ¢ is the 
Imaoke five, better Wustzfed in plan in Fig. 1409, anid nade by inserting, sane. 
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wct pole about 10 in. diam. round which the clay can be packed, and which mt 
readily withdrawn after the shrinkage due to drying. Bricks or squared stoves mye 
used to carry the chimney a little higher than the roof. 

Frame Houses.—These should commence with a foundation of brick or stone wak 
carried up about 1} ft. above ground, or failing theso materials, stout logs may be li 
down. At proper intervals, the upright posts are inserted in this foundation, ani pe 
pared to receive the walling. This may consist of hewn slabs of timber for the oie 
lining, with an inner one of felt, Willeaden paper, canvas, match-boarding, or what 
may be convenient, the intermediate space between the 2 linings, representing the thit- 
ness of the uprights, being packed full with earth, dry moss, or other non-condutig 
substance. Simple uprights will suffice when there is to be only one storey—a “sad 
floor”; but when a second storey is added, struts and braces must be providel » 
strengthen the uprights. The Americans have much improved upon the oniey 
tem of constructing wooden frame houses, by arranging the timbers ao that nearly ll 
strains come lengthwise on the fibres, and by relying upon nails driven disgonally nit 
than on tenons, scarfa, and other weakening cuts into the wood. Thus in erecting) 
small timber house, the site is levelled, and a few inches in depth of the soil is removel 
and replaced by a layer of non-absorbent material, such as furnace clinker ; on thisislail 
asill a (Fig. 1410) forming the whole foundation, measuring 6 to 8 in. by 3 in., and carsig 





1410. POLY 





the joist b and stud d, cach simply nailed by spikes driven diagonally, the joist b support 
ing the floor boards c. If tho spaces between the joists are filled with non-absrbest 
material up to the level of the floor, an advantage will be gained in dryness, quiets, 
and general comfort; concrcte will be even more desirable. Generally the aills simply 


1413. Mi ms. 
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mucet at the corners, but they may be halved together as at ab, Fig. 1411, if preferred 
¢ being the joist, and d the stud. In small buildings, the studs are best set at ia 
Fig. 1412, where a ie the joiet and be the 2etude. When an upstairs { er is to be baits 
notch igcut inthe inner feceof the ehuds, wa ek abe, Big NS mem. 4 in, depend 
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must be cut to admit the joists for the next stage. The use of the plumb levi: 
as necessary with this as with any other kind of wall. In ramming the earth, 
3-4 in. at a time is always enough, and the strokes should travel from the side 
the contre and from one end to the other, leaving the end sloping where 
addition is to be mado. In building the second course, care should be taken 
joists fall between the joist holes of the preceding course, and the rmmin 
‘commence from the opposite end of the wall. The joist holes may be afters: 
up with wooden blocks, for convenience in fastening the internal fixtures, 1n 
joists may be built in lengthwise at intervals. The rammer should weigh ab 
Unfinished work should be kept covered from the rain. 

Stairs.—The following are the technical names for the parts of stairs:—“! 
the term for one continued series of steps without any break; “landing” isth 
between two flights; “tread” is the horizontal surface of a step; “riser” ist 
part between 2 steps; “windérs” are the winding steps round a curve when 
landing. ce 

The convenience of stairs is largely dependent upon the proportioning of 
of riser and width of tread. Blondel’s rule, which adopts as a module of n 
the length of a man’s pace walking leisurely on level ground, or 2 French feet 
English, and assumes that every 1 in. of ascent is equal to 2 in. of progress 
theory within certain limits only. The energy expended by a man in lif 
40 ft. up a ladder nearly-vertical is vestly more than twice the energy requin 
40 ft. on a level plane. This is sufficient to show that the rule is only corr 
rate of ascent is moderate. Probably, an English architect, working out the 
would have adopted 2 English feet or 24 in. a8 his module. Corson tak 
(nearly) of these two, or 24°75 in, as being a reliable guide to an easy stai 
houses of moderato size. 

‘The height of riser, which should not be exceeded, he fixes (by experienc 
deducting twice this, or 13°50 from 24°75, we have 11°25 for the brea 
(Blondel’s rulo would give 12°06, which would be found too broad for t! 
riser.) Of course, the breadth of tread is from riser to riser, disregar: 
moulding, if there is one. Obviously the experience of short and tall peo, 
somewhat. Also it is necessary to consider the length of the step: the lor 
the broader should be the tread. 

Again, for steps outside, leading up to the doorway or a terrace, dect 
and increase the tread; how much must be matter of judgment with { 
according to the number and length of steps and character of house. 11 
ought to be 3 to 1, ‘To suit that slope, steps of 5°10 in, riso and 15-30 in 
be a fit dimension, and would agreo with Blondel’s formula. There is, 
stairs generally, another and very simple rule, namely: Keep the slope of th: 
or as little over that angle as possible. A step of 62 in. riso would in the 
tread of 113 in.; but it would be better to have less rise and less tread, s 
11°20 in, It is needful to have in mind old people and children, to whom 
of great moment. 

When tho size of the house will not allow tho use of such proportions 
above, diminish the tread rather than increase the height of the riser. I 
becomes absurd when followed out, and tho stair becomes a step ladder, 
find steps 8 in, tread and 94 in. rise, making breakneck stairs. The minin 
tread may be called 9 in. It is too little, but sometimes economy of spac 
and if only the riser be kept to the maximum of 6 in., the stair will be rea 
and safe. There are exceptions to every rule, and it will be found that t 
turnpike stair winding round a 6-in, or 8-in. newel, must deviate from the 
given above, i.e. when measured ag winding stairs usually are, at the ¢ 
length of step. The heng room mush be preserved oh all cota, 
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hase conical spindle with gun-metal bush, lock nuts and washers, The holderecotim | 
an oil chamber for lubrication. 

Price 81. Approximate weight, 8 Ib. 

Luke & Bpencer’s Slide Rest and Diamond Toot (Fig. 1429).—Small compound sie, 
rest specially adapted to fit various machines, and to hold a diamond tool or steel catter 
for turning up emery discs. The emery disc should not revolve at a greater sped 
than 100 feet per minute of the circumference when being turned. 

Slide rest—Price 41. Approximate weight, 25 lb. 

Diamond tool and holder from 12. 10s. to 71. 10s., according to size of diamond. 


1429, 
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Luke & Spencer's Rotary Cutters and Holders (Fig. 1480).—These rotary cutters am 
very effective for truing up the flat faces of emery discs, aud are specially suitable ia 
turning up tool grinder discs, 

‘The holder is placed like an ordinary tool in the tool box of a slide rest, and the 

1431. cutter being pressed ngainst the emery diac, revolves by conte, 
and hacks out the grains of emery, leaving the disc in god 
cutting order. 

Price of large size, with G steel cutters, 12. 28, 6d. 
Price of small size, with 6 steel cutters, 17s. 6d. 
Picture Framing.—The mitre cutting machine illostratel 
(Fig. 1431), made by Booth Brothers, Dublin (12s. 6d.), will enable 
any person to make their own picture frames. It cuts a perlet 
mitre and cuts with the greatest case. The same firm mir 
corner cramps for holding the corners of picture frames while nailing. Sold in pairs 
2s. and upwards, according to size, 
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Ewery Disos.—Emery dives are now considered almost indispensable in every work- 
hop, and thoy have boon justly and mechanically deseribod ag “zotary files, whos 
ting points never grow dull.” 

The grinding and polishing machinery of Mesws, Luke & Spencer, Manchester, is 
© designed and adapted for using emery discs in the safest aud most economical 


e carrying emery dises from a few inches to 1 metre diameter and up to 8 in. 
besides pocial machines for tool grinding, slide bar surfacing, &c, &e, &. Soo 


— ew OS 8.42 Oe 8 ee 


Blocks are made of any shape fur marble ai 
works, and emery hones of any desired grit for 


Sppamtus consists of an emery disc mounted on 
short spindle with conical neck, revolving in a gun- 
‘bush, with lock nuts and washers for adjustment. 
holder carrying theso is arrangod to fit tho tool box 

n ordinary slide rest, and contains an oil chamber, 
obviating frequent lubrication. An upright, guide, 

ys, and driving band, are supplied to complete the 


q 
q 
| 


i tus, aa shown in Fig. 1425, 
| ‘Phe apparatus can be fixed in a fow minutes to any 
‘Authe, and will grind the centres true without 
troying the temper, thus effecting a saving of time, 
nd a great economy of centres. 
Price complete, Gl. 10s. Packing, 32. 6d. 7 
Take and Spencer's Lathe Attachments —Fig. 1426 ah simple Inthe attachment, 
with emery dieo 10 in, diam. 1 in. thick, flanged pulley, adjustable bearings and bracket 
bolt on to the ordinary slide rest of a lathe. 
‘The emery disc can be placed at either end of spindle, 
Price complete, as shown, 8. 10s. Approximate weight, 62 Ib. 


— fil 3h nt 


Fig. 1427 shows a similar attachmont to Fig. 1426, but somewhat smaller, and fitted 
‘with an eenery disc 2 in, diam, ? in. thick. 

Price 31. Approximate weight, 23 Ib. 

Fig. 1428 shows an attachment carrying wn emery disc G im, daw. 4 Wo, Wee. “Ks 
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Hacemarack woop, 138 
Haerlem blue, 407 

Hialreloth upholtery, 403 
Hakea wood, 166 

‘Hal mendora wood, 153 
milila wood, 153 

— wood, 183 

‘Half lap Joint, 281 

— rouiid rinder, 248 

Hall's sudden-grip vice, 193-4 
Halving joint, 272 

Hamburg lake, 408 
Hammer's clamp, 197 
‘Hammering plates, #i-3 

— veneers, 357-8 
‘Hammerman, 45 

‘Hammers, 48-9, 241, 357-8, 399, 516 
atmospheric, 516 
dog-head, 85° 

forging, 73-4 

long-cross face, 84 
steam, 516 

— twist,'35 

‘Hand fling saws, 213-4 











— vice, 193 
Handles of axes, 2534 
Handling tools, 560-1 
Hard sliver solder, 90 
solder, 80-1 

— for gold, 90 
spelter solder, 90 
woldering, 97-9 










Harding’s ventilators, 656 
Hardness of stone, 563-4 


— tools, 64 
Harpullta wood, 150, 163 
Harrison's going barrel, 49 
Hatchets, 252-6 
‘Havana cedar wood, 130 
Hawk, 608 
He oak, 141 
Heart wood, 166 
earths, 48 
—— braziers’, 103-9 
‘sfeartahakes, 167 
seating soldering-iron, 109 
Hedges, 676 
Hedycarya wood, 135 
Helicograph, 505 
Heritiera wood, 159 
Hero's steam toy, 516 
Hickory wood, 1334 
Hiero's fountain, 614 
Hinau wood, 13, 162 
Hinging, 283-9 
Hinoki wood, 134 
Hirikeadol wood, 153 
Hives, 3214 
Hoard and Wiggin’s steam trap, 517 
Holdfaste, 260-1 
Holding tools, 193-8 
Hollow chuck, 634 
— walls, 694 
Holly’s rotary engine, 510 
Hollywood, 360, 388, 395 
Hooshe wood, 134, 161 

Hopea wood, 169 

Hora wood, 153 

Horabeats wood, 134 








INDEX. 


‘Horoeks wood, 134 

Horopito wood, 134 

Horsehair stuffing, 400 

Hotair furnaces, 663-5 

— — reasoning wood, 171 

—— water heating, 665-6 

Hotebkiss's atmospheric hammer, 516 
‘House-bullding, 334-50 

Housing, 274 

Howlett’ adjustable friction gearing, 


Huon pine wood, 142 
Hurdles, 332-3 
Hyawa-bolly wood, 150 
Hydraulic ram, 513 
Hydrogen generator, 95-6 
Hymenea wood, 136 





Tuemiatioy, 46-54 
Inch masts, 169 
— tool, 673 
Indian ink, 409 
— woods, 155-63 
Indigo, 407 
Inflammable objects, moulding, 21 
Inga wood, 146, 159, 178 
Inherent strains, 36 
Inking drawings, 4-5 
Inlaying cabinet work, 362 
Instantaneous-grip vice, 
Instrumeuts, drawing, 1 
Intermittent circular motion, 493 
Internally toothed spur-gear, B23 
Tron boring, 64-8 

burnt, 62 
cast, brazing. 98 
— burning, 92-4 
casting in loam, 39 
— — aand, 39 
castings, chilling, 43-4 
xamination, 40-2 

























cements, 88-9 
chisels, 49-63 
cold shut, 39 
cutting tools, 49-63 
drilling, 64-6 
filing, 56-9 
finishing, 44-90 
fitting, 44-90 
forges, 46 
forging, 44-90 
— defined, 61-2 
founders’ pot, 38 
founding, 35-44 
flasks, 38 
patterns, 35-7 
— tools, 37-9 
hammers, 48-9 
hearths, 46 
joints, 88-80 
‘oxide, 407 
paint, 418-9 
— for, 419 
parting mixtare, 39 
plates, warping, 41 
Polishing, 456-7 
riveting, 89-90 
roofing, 626-7 
screw-cutting tools, 59-61 
sealing In stone, 91 
second melting, 40 
—- soldering, 112 





— surfacing tools, 56-9 





—w 62 

Ironbark wood, 134 

Ironwoods, 134, 146, 161, 11 
165, 166, 175 

Tealian, 


Jack PLANE, 235, 231 
—— Wood, 135, 183, 166 
Jaman wood, 175 


panese 
lacquer, 471-2 

— surfaces, 

Japannern’ gold size, 446 

Jaral wood, 135 

Jarrah wood, 135 

Jéjérécou wood, 150 

Jewellers’ solders, 90-1 

Jewellery, soldering, 98-8 

Jig saw, 225, 506 

Joggle joint, 275 

JSobore cedar wood, 164 

— ironwood, 165 

— rosewood, 164 

—— teak wood, 164 
Joining stones, 575-6 
Joints, bearing, 272-4 
— ols and ‘nuts, 218 
= 2 4 
— bridle, 276 

— bate, 277 

— datt-jotnting veneer oat 

— caulking, 272 

—— chase mortice, 273-4 

—— classification, 262 

— close jointing, 267-8 

— cogging, 272 

—— compound solder, 

—— comer piecing, 27 

— double notching, 272 

—— dovetalling, 272, 21, 

299-300 

— dowelled, 217 

— equal bearing, 267 

— firring up, 274 

— fished, 269 

— flooring, 217 

— for band-saws, 224-5 
— Bloeing; 218,283 
— grooved and tongued, 
— half-lap, 281 

— halving. 272 

— hinging, 283-9 

— housing, 274 

— in carpentry, 266-88 

— Iron, 88-90 

a9 

— keys, 277 

— lap (iron), 89 

— lapped beam, 263 

— lengthening, 268-71 

—— matched and beaded, 277 

—— metal pipes, 124-8 

— miscellanevts, 776-1 




















690 . INDEX, 
‘Black fron’ 184, 151 Braziers’ hearth, 108-9 
e lecciwo is 162 ‘lake, 408 
‘mapau wood, 163 9 
igments, 407 — with bi ipe, 115-6 
—— pine, 139, 141 Break! ‘of woods, 126 
— Mains, 434-6 Brear's naeyopeaei 16 
— varnish for metal, 475 Breast drill, 249 
— Virginia walnut wood, 150 ‘Bremen blue, 408 
walnut, 395 tools, 687 
‘Bast Long itytnes 6 587-94 
Blind dovetails, 281-2 Brickwork, 577-06, 686 





—— fitting to gas supply, 105-6 














Blowpipes, 102 righton green, 408 
Blue binek, «01 British Guiana woods, 160 
Broad finishing, 649 
— tool, 573 
Broadleaf wood, 129 
Broad-leaved cherry wood, 163 
Bronze, ageing, 26 
— art, 26 es 
‘casting en cire perdae, 28-35 
colouring, 26 
‘figures, casting, 24-8 
Bobbin bit, 248 founding, 16-35 
‘Bobbins, electric, 639 furnaces, 17-9 
Bobnenberger'a machine, 503 Japanese, 26-7 
Holling wood, 171 moulding, 20-2 
ota el ae omamenting, 2178 
sae ing, 69-71 — ing. 
Bombax rea, 187 Brochium’ ‘wood, 150 
Bond, 638-9, 593-5 Brown and Level’s boat-detaching bolts and nuts, 278 
‘Bone black, 407 —— ochre, 403 Thuok, 619 During tools, 246-50 
Bookcase, 369 pigments, 408 








‘hopping tools, 252-7 
Bookedges, burnishing, 45/ construction, 264-154 


pink, 408 
Boraxsus wood, 157 


—— Mains, 437 

Brownell’s crank motion, 508 
Brunswick black, 476 

—— green, 408 

Brash wheels, 621 

Brushes, paint, 415 















tools, 246-50, 541 Bubbles in castings, 40 
‘Bows spanners, 81-2 Buchanan and Kighter's sllde-valve 
‘Bossiug trons, 107-8 Buck-sawe, 222 (motion, 509 
Bailding-up beams, 271-4 
woods, 179 





Bullet-tree wood, 130 
Bunya-banya wood, 130 
Burning (soldering), 92-7 
—— machine, 95-8 
Burnishing, 452-4 

Burnt fron, 62 


Bowery’s clamp, 505 
‘Box-acraper, 





nails, 263-4, 278 





alenna, 408 
solder, 111 striking tools, 251-3 
— umber, 408 tools, 182-266 





Bursaria wood, 163, 166 valet, 260-2 








Brackets, fretwork, 398-9 Buruta wood, 152 —— Woods, 126-82 
Bradawl, 246 Butea wood, 167 Carpinus wood, 134 

Brake for cranes, 494 Butt Joint, 277 Carpodetus wood, 163 
Brandering, 274 — Jointing vencer curls, 361 Carriage varnishes, 474 
Brard’s test for stone, 566 —— Weld, 45 Garton plerre, paint forAlt 
‘Brase-castings, burning, 92-4 Butterwood, 166 Carwright's parallel motios, 4 
— founding, 16-: Buttoned seats, upholstering, 403 Carving, 386-95 

— furnaces, 17-9 Buttonwood, 145 handy tools, 392-3 
— lacquer, 475 Buxus woods, 129, 187 operations, 341-5 
— moulding, 20-2 Byttuerla wood, 157 — parting tool, 392 
— polishes, 452 — selecting wood, 338.90 
— pouring, 22-4 CG —_— tools, 344 
— soldering, 114 ABINET-MAKING, 350-86 staining, 389 

— to platinum, roldering, 111 examples, 363-86 — tools, 396-94 

— to steel, sold ring, 111-2 imitation tnlaying, 362-3 | — volnter, 392 

— turning tools, 642 inlaying, 362 — woods, 346-390 

— wire roldering, 111 aah, BA-B Carya wood, 133-4 





— work sold:r, 90 VENER, WEA 








Hacesarac woop, 138 
‘Haerlem blue, 407 
‘Halreloth upbolstery, 403 
Hakea wood, 166 
‘Hal mendora wood, 183 
— milla wood, 153 
Half lap "elt 

int, 231 
— round rinder, 248 
Hall's xudden-grip vice, 193-4 
Halving joint, 272 
Hamburg lake, 408 
‘Hammer's clamp, 197 
Hammering plates, 44-3 
—— veneers, 357-8 
Hammerman, 45 
Hammers, 48-9, 241, 351-8, 399, 516 
— atmospheric, 516 
— dog-head, 85 





— twint, 85 
Hand fling saws, 213-4 
—— masts, 169 

—— saws, 198-222 
— — eet, 217 

—— vice, 193 
Handles of axes 





Handling tools, 560-1 
Hard silver roliter, 90 





dering, 97-9 
ig tools, 548-9 





— atecl, 61-6 
Marding’s ventilators, 656 
Hardaess of stone, 563-4 


Harpullia wood, 150, 163 
Harrison's going barrel, 499 
Hatcheta, 252-6 

Havanna cedar wood, 130 
Hawt, 608 

He oak, 141 

‘Heart wood, 166 

Hearthe, 46 

—— braziern’, 108-9 
‘sfearuhakes, 167 

‘rieating solderiug-iron, 109 
Hedges, 676 

Hedycarya wood, 135 
Helicograph, 508 
Heritiera wood, 159 

Hero's steam toy, 516 
Hickory wood, 133-4 
Hilero’s fountain, 614 
Hinau wood, 134, 162 
Winging, 2«3-9 

Hinoktt wood, 134 
Hirlkadol wood, 153 
Hives, 321-4 |” 

Hoard and Wiggin’s steam trap, 517 
Holdfasts, 260-1 

‘Holding tools, 193-8 
Hollow chuck, 634 

—— walls, 694 

Holly's rotary engine, 510 
Hollywood, 350, 333, 395 
‘Hooshe wood, 134, 151 
Hopea wood, 189 

Hora wond, 153 
Horaveans wood, 134 
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‘Horocks wood, 134 

Horopito wood, 134 

Horsehair stuffing, 400 

Hot-air furnaces, 663-5 

—— — reasoning wood, 171 

—— water heating, 665-6 

Hotchiciss’s atmospheric hammer, 616 

House-bullding, 334-60 

Housing, 274 

Howletts adjastable friction gearing, 
1 

Huon pine wood, 142 

Hurdles, 332-3 

Hyawa-bolly wood, 150 

Hydraulic ram, 513 

Hydrogen generator, 95-6 

‘Hymensea wood, 138 


Turummatioy, 646-64 
Inch masts, 169 
— tool, 573 
Indian ink, 409 
—— woods, 155-62 
Indigo, 407 
Inflammable objects, moulding, 21 
Inga wood, 146, 159, 175 
Inberent strains, 36 
Inking drawings, 4-5 
Inlaying cabinet work, 362 
Instantaneous-grip vice, 194, 262 
Instruments, drawing, 1 
Intermittent circular motion, 493 
Internally toothed spur-gear, 623 
Iron boring, 64-6 
— burnt, '62 
— cast, brazing, 98 
—— — burning, 92-4 
— casting in loam, 39 
— — = nand, 39 
— castings, chilling, 434 
— — examination, 40-2 
— — form, 3940 
— — heavy, 41 
—— — shrinkage, 33, 42-3 
— cements, 88-9 
— chisels, 49-53 
— cold shut, 39 
— cutting toote, 49-53 
— drilling, 54-6 
— filing, 56-9 
— finishing, 44-90 
— fitting, 44-90 
— forges, 46 
— forging, 44-90 
— — defined, 61-2 
— founders’ pot, 35 
— founding, 35-44 
— — flasks, 38 
— — patterns, 35-7 
— — tools, 37-9 
— hammers, 48-9 
— hearths, 46 
— Joints, 83-90 
— oxide, 407 
— paint, 418-9 
— — for, 419 
— parting mixture, 39 
— plates, warping, 41 
— polishing, 456-7 
— riveting, 89-90 
— roofing, 626-7 
— wcrew-cutting tools, 59-61 
—— sealing in stone, 91 
— second melting, 40 
— soldering, 112 
— surfacing’ tools, 56-9 











— awaging tools, 56 
— vemperting, 08 
—— toda, ariness 04 





‘Tron tarhing tools, 541-4 
— for, 475, 
—_ a 
Ironbark wood, 134 





Jack PLANE, 385, 21 


—— wood, 135, 183, 16 

Jaman wood, 175 

J bbronses, 2 7 

—— lacquer, 471-2 

— surfaces, gilding on, 48 

Japanners’ gold size, 46 

Jaral wood, 135 

Sarrah wood, 195 H 
éjerécon wood, 180 

Jewellers’ eolders, 0-1 ' 

Jewellery, soldering, 9-9 

Jig saw, 225, 506 

Joggle Joint, 275 

Jobore cedar wood, 164 

— ronwood, 165 

— rosewood, 164 

—— teak wood, 164 
Joining stones, 575-4 


Joints, bearing, 2724 

—— bolts and nots, 713 

— brrandering, 274 

— bridle, 276 

— bute, 237 

— batt-Jointing vener ca, 

—— caulising, 272 

—— chase mortice, 2734 

— ctasiaton, ES 

—d jnting, 267-4 

— cogging, 272 

— compound solder, 1 

— commer plecing, 279 

— doable notching. 72 

— dovetalling, 772 17! 
299-300 

—— dowelled, 277 

—— equal bearing, 267 

— firing up, 714 

— fished, 269 

— flooring, 277 

— for band-caws, 26 


a3 
and tongted, iT 


— lap (iron), #9 
—— lapped beam. 263 

— lengthening, 262-71 
—— matched and beaded, 211 
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‘Woods, shipbuilding, 179 
stirinkage, 176-3 |¥, Yano REQUISITES, mati: 
433-46 Yarioy Syael wood, 150 
for Strait Settl-ments, 164-6 Yellow birch wood, 128 
— te 180 — lake, 409 
— fr ity, 179 — ochre, 409 
— for wet constructions, 119 2 166 — orpiment, 409 
— fie wheel teeth, 179 — toagtrness, 179 — pigments, 409 
_— 395 —_— 150-3 —— pine, 139, 142-3, 144,145 
= — water in, 179 — mains, 446 
— West Indian, 168 = Wood, 138, 150, 152 
<< — seasoning process, 172 ‘Yew wood, 150, 335 
‘Woodworth’s feed motion of planing | Yuke ber, 435 
machine, 506 Yorke saran wood, 156 
Working stone, 56a aia aa 
Worm arnt worm-wheel, 523 Z EBRAWOOD. 150, 381 
we in | Ziaag fence, 33 
‘remches, forging, 82-4 ; Zine, Saint forse “a1 
13 Wreagee ‘irom to steel, welding, 62 / —— rooting, 
—— preserving, 174-5 —— — welding, 62  eidering 111 
_ 181-2 ao 407 
— 1 as wood, 162 
— seesoning, 170-3 X. | Zogan bron: 
w—— selecting, 163-9 -YLOPIA WOOD, 150 Zamatic driers, 412 
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Red gum wood, 133, 135 
— lead, 406-7, 409 
— Joints, 68 

— mangrove wood, 151 

— mapsu wood, 163 

— pigments, 408-9 

— plne, 142-3, 144, 163 

— sandal wood, 161 

— spruce, 143 

— stains, 443-4 

Registering revolutions, 527 
‘Relations of circles, 117 

Releasing book in pile-driving, 494 
— sounding-weight, 494 

Removing paint, 415-6 

— amell of palat, 416 

Rendle’s glazing, 634 

René’s seasoning process, 172 
Repairing chairs, 608 

Resinate driers, 412 

Resins, varnieb, 472-3 

Retinospora woods, 131, 147 
Reverberatory furnace, 19 

Reversing gear fur single engine, 487 
Revolving saw set, 218-9 

Rewarewa wood, 146, 163 

‘Rbamnus wood, 132 

Rhus woods, 131, 1 

Ribouté bronze, 26 
Rickers, 169 

Riga pine, 142-3 
Kimu wood, 144, 163 
Rind-galis, 167 

Ripping-eaw, 198, 206-7. 208, 222 
Riveting sheet metal, 126 

Rivets, 8 








Robert's friction proof, 505 

Robinia wood, 126 

Rock eis wood, 151 

— foundations, 667 

Rod iron, 45 

Roger's mitre plane, 244 

Robun woed, 146 

Koller motion in wool-combing ma- 
chines, 493 

Rollers, wood for, 179 

Rolling contact, 491 

Rollinia wood, 150 

Toman lake, 408 

Rovfs, 340-6, 613-27, 638 

— curb, 345-6 

—— dachpappe, 618 

— felt, 617-4 

— king-post, 342, 344 

— lean-to, 341-2 

—— mansard, 345-6 

—— metallic, 626-7 

— queen-post, 345 

— shides, 627 

— shingles, 617 

— slates, 620-4 

— span, 42-6 

— thutch, 614-7 

— tiles, 624-6 

— Willesden paper, 618-20 

Root's double quadrant engine, 509 

—— double reciprocating engine, 510 

Kose pink, 409 

Rosewood, 147, 351, 395 

—— graining, 43: 

Rosin, 473 

Rot in wood, 173-4 

Rotary engines, 609-12 

— motion trom different tempera 
‘tures in 2 bodies of water, 516 

— motions, 474 

— pumps, 514 

Rotascupe, 802 

Rottenstone, 458-9 


INDEX, 


Bonge, 459 

Rough cast, 606 

— furniture-making, 294-310 
— rubble, 574 

— thmber, 169 

Bougbing-ont tools, 544 

— tool, 541 


Rounding saws, 214 

Royal blue, 408 

—— red marbling, 433 

Rubble, 514-6 

Rule, 182-3 

Russian door-shutting contrivance, 
506 


Rast joint, 88 
— Preventives, 265-6 
—— Temovers, 266 


Sasteo WOOD, 147 
ty stop, 497 

Saffraan hout wood, 151 
St. Ann's marbling, 433 
Sai wood, 147, 161, 175 
Salix woods, 150 
Saltpetreing wails, 602-3 
Samaran wood, 165 


—— substitutes, 581-2 
Sandal wood, 13s, 161, 163, 175, 351, 
es 

Sandarach, 473 

Sand-burned castings, 21 
—— foundations, 667 
Sand-papering, 355, 396 
‘Sandstones, 563-9 

Santalum woods, 138, 161 
Sap wood, 166 

Sapindus woud, 161 
‘Sapinette blanche wood, 147 
Sapu milila wood, 154 

— wood, 153 
Sarcocephalus wood, 164 
Sash-bit, 248 

—— door, 347-8 

— saw. 208 

— windows, 348-9 
Satinwood, 146, 152, 157, 351, 395 
— staining, 432 

—— stains, 444 

Saul wood, 147, 161, 175 
Sawara wood, 147 

Saw-filers’ vice, 193 
Sawing-machine feed, 497 
— rent, 261, 355 

— tpecd, 235 

Pra stone, 573 

WS, 193-237 

— back saw, 221-3 

—— band saw, 224-5 

—— — saw-filer, 215 

-— bent-setting, 216-8 
— blazing. 66 

— bow, 198 

—— buck saw, 222 

— carcass, 208 

— circular, 222-4 
—— clamps, 197, 213-4 
— clearance terth, 206 
— compass 20%, 222 
— cross-cutting, 204-6, 220-1 
— cut-of,, 208 

— emery’ wheels for, 216, 220 








— files, 216 
— filling, 211-6 
— Ring wader, WES 





— rectprocating, 23 
Apps foe mea 
—roanding 16 


— et of teeth, 296 
— eetting, 211-12, 169 


—— web, 222 
Savw-table for jig or crab, 
Saxon blue, 408 

green, 408 
‘Scaffold poles, 169 
Scaffolding, 603-4 


Scheele’s green, 403 
Schleichera wood, 161 
Scotch pine, 142-3 
Scouring slie, 14 

pers, forging, 77 
Scraping tool, 542 
Seratcher, 603 
Screw bolt and nut, 450 
— clamp, 489 
— cutting, 539 
— cutting gauge, 60-1 
— — motion, 180 
— — tools, 59-41 
— driver, 2 
— propeller, 519 
— stamping-prese moti 
Screws, 264-5, 278 
Scribing block, 543 
Scroll gears, 539 
Perret 

ing canned goods, 91 
— iron in stone, 91 
Seamed metal goods, 121- 
‘Seamless metal goods, 125 
Seasoning etone, 564-5 
— wood, 170-3 
Seats, making, 302-4 
‘Second melting, iron, 4 
—— reasoning, wood, 139 
Sectors, toothed, 483 
See-saws, 503 
Sectam wood, 147 
Selecting wood, 168-9 
Selenitic concrete, 614 
— mortar, 535-6 
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‘Wood, shipbuilding, 179 
— shrinkage, 170-8 re | Yap nevisrres ex 
= eerie 

— Era Setiementa, 164-5 ‘Yellow birch worl, 17° 





lay, 170 
qeormeees 8 
‘Transvaal, 10-2 
—— water in, 179 

= We Indtan 108, 


oo ‘Ei tontion of planing 


Worse ‘cpptanoes making, 58-94 
Worm and worm-wheel, 523 


‘renches, forging. 83-4 
Wrong te Sek elo. 62 
welding, 2 





Xv ‘WOOD, 180 
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